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QUINOLINONE DERIVATIVES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of and claims priority to
U.S. patent application Ser. No. 10/886,950, filed on Jul. 8,

2004, pending, which 1s a continuation of and claims priority
to U.S. patent application Ser. No. 10/284,017, filed on Oct.
30, 2002, now U.S. Pat. No. 6,774,237, which 1s a continu-
ation ol and claims priority to U.S. patent application Ser.
No. 09/951,265 filed on Sep. 11, 2001, now U.S. Pat. No.
6,605,617, which claims priority to U.S. Provisional Appli-
cation No. 60/232,139 filed on Sep. 11, 2000, the entire
disclosures each of which 1s incorporated herein by refer-
ence and for all purposes as if fully set forth in their
entireties.

FIELD OF THE INVENTION

This mvention pertains generally to treating diseases
characterized by angiogenesis including cancer. More spe-
cifically, the mvention described herein pertains to treating
diseases characterized by activity of vascular endothelial
growth factor receptor tyrosine kinases. The present inven-
tion provides, small molecule 1nhibitors of vascular endot-
helial growth factor receptor tyrosine kinase, pharmaceutical
formulations containing such inhibitors, methods of treating
patients with such pharmaceutical formulations, and to
methods of preparing such pharmaceutical formulations and

inhibitors.

BACKGROUND OF THE INVENTION

Capillaries reach into almost all tissues of the human body
and supply tissues with oxygen and nutrients as well as
removing waste products. Under typical conditions, the
endothelial cells lining the capillaries do not divide, and
capillaries, therefore, do not normally increase in number or
size 1n a human adult. Under certain normal conditions,
however, such as when a tissue 1s damaged, or during certain
parts of the menstrual cycle, the capillaries begin to prolit-
erate rapidly. This process of forming new capillaries from
pre-existing blood vessels 1s known as angilogenesis or
neovascularization. See Folkman, J. Scientific American
2'75,150-154 (1996). Angiogenesis during wound healing 1s
an example of pathophysiological neovascularization during
adult life. Durning wound healing, the additional capillaries
provide a supply of oxygen and nutrients, promote granu-
lation tissue, and aid 1n waste removal. After termination of
the healing process, the capillaries normally regress. Lym-
boussaki, A. “Vascular Endothelial Growth Factors and their
Receptors in Embryos, Adults, and 1n Tumors™ Academic
Dissertation, University of Helsinki, Molecular/Cancer
Biology Laboratory and Department of Pathology, Haart-
man Institute, (1999).

Angiogenesis also plays an important role 1n the growth
of cancer cells. It 1s known that once a nest of cancer cells
reaches a certain size, roughly 1 to 2 mm 1n diameter, the
cancer cells must develop a blood supply 1n order for the
tumor to grow larger as diffusion will not be suflicient to
supply the cancer cells with enough oxygen and nutrients.
Thus, mhibition of angiogenesis 1s expected to halt the
growth of cancer cells.

Receptor tyrosine kinases (RTKs) are transmembrane
polypeptides that regulate developmental cell growth and
differentiation, remodeling and regeneration of adult tissues.
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Mustonen, T. et al., J. Cell Biology 129, 895-898 (19935); van
der Geer, P. et al. Ann Rev. Cell Biol. 10, 251-337 (1994).
Polypeptide ligands known as growth factors or cytokines,
are known to activate RTKs. Signaling RTKs involves
ligand binding and a shift in conformation in the external
domain of the receptor resulting in its dimerization. Lym-
boussaki, A. “Vascular Endothelial Growth Factors and their
Receptors 1n Embryos, Adults, and 1n Tumors™ Academic
Dissertation, University of Helsinki, Molecular/Cancer
Biology Laboratory and Department of Pathology, Haart-
man Institute, (1999); Ullrich, A. et al., Cell 61, 203-212
(1990). Binding of the ligand to the RTK results 1n receptor
trans-phosphorylation at specific tyrosine residues and sub-
sequent activation of the catalytic domains for the phospho-
rylation of cytoplasmic substrates. Id.

Two subfamilies of RTKs are specific to the vascular
endothelium. These 1include the vascular endothelial growth

factor (VEGF) subfamily and the Tie receptor subfamily.
Class III RTKSs include VEGFR-1, VEGFR-2, and VEGFR-

3. Shibuya, M. et al., Oncogene 5, 519-5235 (1990); Terman,
B. et al., Oncogene 6, 1677-1683 (1991); Aprelikova, O. et
al., Cancer Res. 52, 746-748 (1992).

Members of the VEGF subfamily have been described as

being able to mnduce vascular permeability and endothelial
cell proliferation and further 1dentified as a major inducer of
angiogenesis and vasculogenesis. Ferrara, N. et al., Endo-
crinol. Rev. 18, 4-25 (1997). VEGF i1s known to specifically
bind to RTKs including VEGFR-1 and VEGFR-2. DeVries,
C. et al., Science 255, 989-991 (1992); Quinn, T. et al., Proc.
Natl. Acad. Sci. 90, 7533-7537 (1993). VEGF stimulates the
migration and proliferation of endothelial cells and induces
angilogenesis both in vitro and 1n vivo. Connolly, D. et al.,

I. Biol. Chem. 264, 20017-20024 (1989); Connolly, D. et al.,
J. Clin. Invest. 84, 1470-1478 (1989); Ferrara, N. et al.,
Endocrino. Rew. 18, 4-25 (1997); Leung, D. et al., Science
246, 1306-1309 (1989); Plouet, I. et al., EMBO J. 8,
3801-3806 (1989).

Because angiogenesis 1s known to be critical to the
growth of cancer and to be controlled by VEGF and VEGF -
RTK, substantial eflorts have been undertaken to develop
therapeutics that are antagonists of VEGF-RTK to thereby
inhibit or retard angiogenesis, and, hopefully, interfere or
stop tumor proliferation.

A wide variety of chemical compounds and compositions
have been reported as having activity against one of more
the VEGF-RTKs. Examples include quinoline derivatives
such as described 1n WO 98/13350, aminonicotinamide
derivatives (see, e.g., WO 01/55114), antisense compounds
(see, e.g., WO 01/52904), peptidomimetics (see, e.g., WO
01/52875), quinazoline derivatives (see, e.g., U.S. Pat. No.
6,258,951) monoclonal antibodies (see, e.g., EP 1 086 703
Al), vanious 5,10,15,20-tetraaryl-porphyrins and 5,10,15-
triaryl-corroles (see, e.g., WO 00/27379), heterocyclic
alkanesulfonic and alkane carboxylic acid derivatives (see,
e.g., DE19841985), oxindolylquinazoline derivatives (see,
c.g., WO 99/10349), 1,4-diazaanthracine derivatives (see,
e.g., U.S. Pat. No. 5,763,441), and cinnoline derivatives

(see, e.g., WO 97/348776), and various indazole compounds
(see, e.g., WO 01/02369 and WO 01/53268).

Various indolyl substituted compounds have recently
been disclosed in WO 01/29025, WO 01/62251, and WO
01/62252, and various benzimidazolyl compounds have
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recently been disclosed 1n WO 01/28993. These compounds
are reportedly capable of inhibiting, modulating, and/or
regulating signal transduction of both receptor-type and
non-receptor tyrosine kinases. Some of the disclosed com-
pounds contain a quinolone fragment bonded to the 1indolyl
or benzimidazolyl group.

The synthesis of 4-hydroxy quinolone and 4-hydroxy
quinoline derivatives 1s disclosed in a number of references.
For example, Ukrainets et al. have disclosed the synthesis of
3-(benzimidazol-2-yl)-4-hydroxy-2-0xo0-1,2-dihydroquino-
line. Ukrainets, I. et al., Tet. Lett. 42, 774°7-7748 (1993);
Ukrainets, I. et al., Khimiya Geterotsiklicheskikh Soedinii,
2, 239-241(1992). Ukrainets has also disclosed the synthe-
s1s, anticonvulsive and antithyroid activity of other 4-hy-
droxy quinolones and thio analogs such as 1H-2-ox0-3-(2-
benzimidazolyl)-4-hyrdoxyquinoline. Ukrainets, 1. et al.,
Khimiya Geterotsiklicheskikh Soedinii, 1, 103-108 (1993);
Ukrainets, 1. et al., Khimiya Geterotsiklicheskikh Soedinii,
8, 1105-1108 (1993); Ukrainets, I. et al., Chem. Heterocyclic
Comp. 33, 600-604, (1997).

The synthesis of various quinoline derivatives 1s disclosed
in WO 97/48694. These compounds are disclosed as capable
of binding to nuclear hormone receptors and being useful for
stimulating osteoblast proliferation and bone growth. The
compounds are also disclosed as being usetul in the treat-
ment or prevention of diseases associated with nuclear
hormone receptor families.

Various quinoline derivatives in which the benzene ring of
the quinolone 1s substituted with a sulfur group are disclosed

in WO 92/18483. These compounds are disclosed as being
usetiul 1n pharmaceutical formulations and as medicaments.

Quinolone and coumarin derivatives have been disclosed
as having use in a variety of applications unrelated to
medicine and pharmaceutical formulations. References that
describe the preparation of quinolone derivatives for use 1n
photopolymerizable compositions or for luminescent prop-

erties include: U.S. Pat. No. 5,801,212 1ssued to Okamoto et
al.; JP 8-29973; JP 7-43896; JP 6-9952; JP 63-258903; EP
7973776, and DE 23 63 4309.

Despite the exploration of a variety of chemistries to
provide VEGF-RTK-antagonist therapies, a continuing need
exists for compounds that inhibit the proliferation of capil-
laries, 1nhibit the growth of tumors, and/or inhibit vascular
endothelial growth factor receptor tyrosine kinase and phar-
maceutical formulations that contain such compounds. A
need also exists for methods for administering such com-
pounds and pharmaceutical formulations to patients in need
thereol.

SUMMARY OF THE

INVENTION

The present invention provides compounds, pharmaceu-
tical formulations including the compounds, methods of
preparing the pharmaceutical formulations, and methods of
treating patients with the pharmaceutical formulations and
compounds.

The present invention provides a first group of com-
pounds having the structure 1. The invention also provides
tautomers of the compounds, pharmaceutically acceptable
salts of the compounds, and pharmaceutically acceptable
salts of the tautomers. Structure I has the following formula:
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R/\‘/\T .
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where, 1n the first group of compounds:

Y is selected from —OR'® groups, —C(=0)—R""
groups, —NR'’R'® groups, substituted or unsubstituted
alkynyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted saturated heterocyclyl groups,
substituted or unsubstituted heterocyclyloxyalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, or substi-
tuted or unsubstituted aryloxyalkyl groups;

7 is selected from O, S, or NR'* groups:

R', R, R’, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, —CN, —NO,,
—OH, —OR"” groups, —NR'°R'’ groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted dihet-
erocyclylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(alkyl)aminoalkyl groups, substituted or
unsubstituted (heterocyclyl)(aryl)aminoalkyl groups, or
—C(—O)R groups;

R>, R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —NO,, —OH,
—OR"™ groups, —NR*"R*" groups, —SH, —SR** groups,
—S(—O)R groups, —S(=0),R** groups, —CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted heterocyclylalkyl groups, —C(=O)R>"
groups, substituted or unsubstituted aminoalkyl groups, sub-
stituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
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tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylaminoalkyl groups, substituted or
unsubstituted diheterocyclylaminoalkyl groups, substituted
or unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R” and R'* may be the same or different and are inde-
pendently selected from H, —OH, substituted or unsubsti-
tuted alkoxy groups, substituted or unsubstituted aryloxy
groups, —INH,, substituted or unsubstituted alkylamino
groups, substituted or unsubstituted arylamino groups, sub-
stituted or unsubstituted dialkylamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubsti-
tuted (alkyl)(aryl)amino groups, substituted or unsubstituted
alkyl groups, substituted or unsubstituted aryl groups,
—C(=0)H, —C(=0)-alkyl groups, or —C(=0)-aryl
groups;

R' is selected from substituted or unsubstituted aryl
groups, substituted or unsubstituted heterocyclyl groups,
—C(=0)H, —C(=0)-alkyl groups, —C(=0)-aryl
groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl groups,
—C(=0)NH,, —C(=0)NH(alkyl) groups, —C(=0O)NH
(aryl) groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=O0O)N(alkyl)(aryl) groups, —NH,, _NH
(alkyl) groups, —NH(aryl) groups, —N(alkyl), groups,
—N(alkyl)(aryl) groups, —N(aryl), groups, —NH(hetero-
cyclyl) groups, —N(heterocyclyl), groups, —N(alkyl)(het-
crocyclyl) groups, —N(aryl)(heterocyclyl), —C(=O)NH
(heterocyclyl) groups, —C(=0O)N(heterocyclyl), groups,
—C(=0)N(alkyl)(heterocyclyl) groups, —C(=0O)N(aryl)
(heterocyclyl) groups, or substituted or unsubstituted het-
erocyclylalkyl groups;

R'' is selected from H, —NH,, —NH(alkyl) groups.
—NH(aryl) groups, —N(alkyl), groups, —N(aryl), groups,
—N(alkyl)(aryl) groups, —NHheterocyclyl) groups,
—Niheterocyclyl) ~ groups,  —N(alkyl)(heterocyclyl)
groups, —N(aryl)(heterocyclyl) groups, —O-alkyl groups,
O-aryl groups, heterocyclyloxyalkyl groups, or substituted
or unsubstituted aryl groups;

R'“ is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'® is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryloxy groups, —NH,, substituted or unsubstituted hetero-
cyclylalkyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino
groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=O0O)NH,, —C(=0O)NH(alkyl) groups,
—C(=0)NH(aryl) groups, —C(=O)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=0)NH(heterocyclyl) groups, —C(=0)—N
(heterocyclyl), groups, —C(=0O)N(aryl)(heterocyclyl)
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groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, substituted or unsub-
stituted heterocyclyloxyalkyl groups, or —C(=0)—N
(alkyl)(heterocyclyl) groups;

R'> and R'” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=O0O)NH,,
—C(=0O)NH(alkyl) groups, —C(=0O)NH(aryl) groups,

—C(=0)N(alkyl) ~ groups, —C(=O)N(aryl), groups,
—C(=0)N(a. kyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl), groups, —N(alkyl)(heterocy-
clyl) groups, —N(aryl)(heterocyclyl) groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylaminoalkyl, substituted or unsubstituted dihet-
erocyclylaminoalkyl, substituted or unsubstituted (heterocy-
clyl)(alkyl)aminoalkyl, substituted or unsubstituted (hetero-
cyclyl)(aryl)aminoalkyl, substituted or unsubstituted
alkoxvalkyl groups, substituted or unsubstituted hydroxy-
alkyl groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalkyl
groups;

R"'® and R*” may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'" and R*' may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,
—C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0O)NH(alkyl) groups, —C(=O)NH(aryl)
groups, —C(=O0)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0O)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(=0)-heterocyclyl groups, — -
erocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) groups, —C(=O0O)N(aryl)(het-
erocyclyl) groups, substituted or unsubstituted heterocycly-
laminoalkyl groups, substituted or unsubstituted dihetero-
cyclylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(alkyl)aminoalkyl groups, substituted or
unsubstituted (heterocyclyl)(aryl)Jaminoalkyl groups, substi-
tuted or unsubstituted hydroxyalkyl groups, substituted or
unsubstituted alkoxyalkyl groups, substituted or unsubsti-
tuted aryloxyalkyl groups, substituted or unsubstituted het-
erocyclyloxyalkyl groups, or —C(=0)—N(alkyl)(hetero-
cyclyl) groups;

R", R*?, R**, and R* may be the same or different and
are mdependently selected from H, —NH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
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groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryloxy groups, heterocyclyloxy groups,

—NHOH, —N(alkyDOH groups, —N(ary)OH groups,
—N(alky])O-alkyl groups, —N(aryl)O-alkyl groups,
—N(alky])O-aryl groups, or —N(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.

The mvention provides a second group of compounds
including compounds having the structure I, tautomers of
the compounds, pharmaceutically acceptable salts of the
compounds, and pharmaceutically acceptable salts of the
tautomers.

In the second group of compounds:

Y is selected from —OR' groups, —C(=0)—R"’
groups, —NR'*R'® groups, substituted or unsubstituted
alkynyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted saturated heterocyclyl groups,
substituted or unsubstituted heterocyclyloxyalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, or substi-
tuted or unsubstituted aryloxyalkyl groups;

7 is selected from O, S, or NR' groups;

R', R? R>, and R* may be the same or different and are

independently selected from H, Cl, Br, F, I, —CN, —NO,,
—OH, —OR"> groups, —NR'°R'’ groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, and tertiary alkyl groups, substituted or unsub-
stituted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or unsubstituted
heterocyclylalkyl groups, or —C(=O)R'® groups;

R>, R° R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —NO,, —OH,
—OR" groups, —NR*°R*" groups, —SH, —SR** groups.
—S(=O0)R" groups, —S(=0),R>* groups, —CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, and tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted heterocyclylalkyl groups, —C(=O)R*>
groups, substituted or unsubstituted aminoalkyl groups, sub-
stituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted  heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubsti-
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tuted alkoxyalkyl groups, substituted or unsubstituted ary-
loxyalkyl groups, or substituted or unsubstituted heterocy-
clyloxyalkyl groups;

R” is selected from the group consisting of —OH, sub-
stituted or unsubstituted alkoxy groups, substituted or
unsubstituted aryloxy groups, —NH,, substituted or unsub-
stituted alkylamino groups, substituted or unsubstituted ary-
lamino groups, substituted or unsubstituted dialkylamino
groups, substituted or unsubstituted diarylamino groups,
substituted or unsubstituted (alkyl)(aryl)amino groups, sub-
stituted or unsubstituted alkyl groups, substituted or unsub-
stituted aryl groups, —C(=0)H, —C(=0)-alkyl groups, or
—C(=0)-aryl groups;

R'® is selected from substituted or unsubstituted aryl
groups, substituted or unsubstituted heterocyclyl groups,
—C(=0)H, —(C(=O0)-alkyl groups, —C(=0)-aryl
groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl groups,

—C(=0)NH,, —C(=0)NH(alkyl) groups, —C(=0O)NH
(aryl) groups, —C(=0O)N(alkyl), groups, —C(=0)N(aryl),
groups, —C(=0O)N(alkyl)(aryl) groups, —NH,, _NH
(alkyl) groups, —NH(aryl) groups, —N(alkyl), groups,
—N(alkyl)(aryl) groups, —N(aryl), groups, —C(=0O)NH
(heterocyclyl) groups, —C(=O)N(heterocyclyl), groups,
—C(=0)N(alkyl)(heterocyclyl) groups, —C(=0O)N(aryl)
(heterocyclyl) groups, or substituted or unsubstituted het-
erocyclylalkyl groups;

R"™ is selected from H, —NH,, —NH(alkyl) groups.
—NH(aryl) groups, —N(alkyl), groups, —N(aryl), groups,
—NH(heterocyclyl)  groups,
groups, —N(alkyl)(heterocyclyl)
groups, O-alkyl groups, O-aryl groups, substituted or
unsubstituted alkyl groups, or substituted or unsubstituted
aryl groups;

R'* is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R" is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryloxy groups, —NH,, substituted or unsubstituted alky-
lamino groups, substituted or unsubstituted arylamino
groups, substituted or unsubstituted dialkylamino groups,
substituted or unsubstituted diarylamino groups, substituted
or unsubstituted (alkyl)(aryl)amino groups, —C(=0O)H,
—(C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
O-alkyl groups, —C(=0)0O-aryl groups, —C(=0O)NH,,

—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=O0)N(alkyl)  groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted

heterocyclylalkyl groups, substituted or unsubstituted ami-
noalkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=0O)NH(heterocyclyl) groups, —C(=0)—N
(heterocyclyl), groups, —C(=O)N(aryl)(heterocyclyl)
groups, —C(=0)—N(alkyl)(heterocyclyl) groups, substi-
tuted or unsubstituted heterocyclylaminoalkyl groups, sub-
stituted or unsubstituted hydroxyalkyl groups, substituted or
unsubstituted alkoxyalkyl groups, substituted or unsubsti-
tuted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

R is selected from H, —OH, substituted or unsubstituted
alkoxy groups, substituted or unsubstituted aryloxy groups,
—NH,, substituted or unsubstituted alkylamino groups,
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substituted or unsubstituted arylamino groups, substituted or
unsubstituted dialkylamino groups, substituted or unsubsti-
tuted diarylamino groups, substituted or unsubstituted (alky-
l)(aryl)amino groups, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, —C(=0)
H, —C(=0)-alkyl groups, or —C(=0)-aryl groups;

R" and R"” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0O)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl) groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl,
substituted or unsubstituted diheterocyclylaminoalkyl, sub-
stituted or unsubstituted (heterocyclyl)(alkyl)aminoalkyl,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

R'® and R*” may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'” and R*! may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,
—(C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0)NH(alkyl) groups, —C(=O0)NH(aryl)
groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(=0)-heterocyclyl groups, —C(=0)—O0O-het-
erocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) groups, —C(=0O)N(aryl)(het-
erocyclyl)  groups, —C(=O0O)—N(alkyl)(heterocyclyl)
groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R'®, R**, R**, and R*> may be the same or different and
are mdependently selected from H, —NH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryloxy groups, —NHOH, —N(alkyl)YOH
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groups, —N(ary])OH groups, —N(alkyl)O-alkyl groups,
—N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups, or
—N(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.

The ivention provides a third group of compounds
including compounds having the structure I, tautomers of
the compounds, pharmaceutically acceptable salts of the
compounds, and pharmaceutically acceptable salts of the
tautomers.

In the third group of compounds:

Y 1s selected from —OH, SH, alkylthio groups, arylthio
aroups, —OR'° groups, —C(=0)—R"! groups, —NR R'3
groups, —CN, substituted or unsubstituted alkyl groups,
substituted or unsubstituted alkenyl groups, substituted or
unsubstituted alkynyl groups, substituted or unsubstituted
aralkyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryl groups, substituted or unsubstituted
heterocyclyloxyalkyl groups, substituted or unsubstituted
hydroxyalkyl groups, substituted or unsubstituted alkoxy-
alkyl groups, or substituted or unsubstituted aryloxyalkyl
groups;

Z is selected from O, S, or NR'* groups:

R', R? R°, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, —CN, —NO,,
—OH, —OR"> groups, —NR'°R'” groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, or —C(=O)R'® groups;

R, R° R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —NO,, —OH,
—OR" groups, —NR*°R*" groups, —SH, —SR** groups.
—S(=O0)R" groups, —S(=0),R>** groups, —CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=O)R™ groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
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stituted alkoxvyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R” and R'* may be the same or different and are inde-
pendently selected from H, —OH, substituted or unsubsti-
tuted alkoxy groups, substituted or unsubstituted aryloxy
groups, —INH,, substituted or unsubstituted alkylamino
groups, substituted or unsubstituted arylamino groups, sub-
stituted or unsubstituted dialkylamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubsti-
tuted (alkyl)(aryl)amino groups, substituted or unsubstituted
alkyl groups, substituted or unsubstituted aryl groups,
—C(=0)H, —C(=0)-alkyl groups, or —C(=0)-aryl
groups;

R' is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, —C(=O0O)NH,, —C(=0)
NH(alkyl) groups, —C(=0O)NH(aryl) groups, —C(=0O)N
(alkyl), groups, —C(=O)N(aryl), groups, —C(=0O)N
(alkyl)(aryl) groups, —NH,, —NH(alkyl) groups, —NH
(aryl) groups, —N(alkyl), groups, —N(alkyl)(aryl) groups,
—N(aryl), groups, —C(=0)NH(heterocyclyl) groups,
—C(=0)N(heterocyclyl) groups, —C(=0O)N(alkyl)(het-
crocyclyl) groups, or —C(=O)N(aryl)(heterocyclyl)
groups;

R'" is selected from H, —OH, alkoxy groups, aryloxy
groups, —NH,, —NH(alkyl) groups, —NH(aryl) groups,
—N(alkyl) groups, —N(aryl), groups, —N(alkyl)(aryl)
groups, substituted or unsubstituted alkyl groups, —INH
(heterocyclyl)  groups, = —Nt(heterocyclyl),  groups,
—N(alkyl)(heterocyclyl) groups, or substituted or unsubsti-
tuted aryl groups;

R'* is selected from H, substituted or unsubstituted alky]l

groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'? is selected from H, substituted or unsubstituted alky]l
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryvloxy groups, —NH,, substituted or unsubstituted hetero-
cyclylalkyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino

groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-

aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=0O)NH,, —C(=0)NH(alkyl) groups,
—C(=0O)NH(aryl) groups, —C(=0O)N(alkyl), groups,

—C(=0)N(aryl), groups, —C(=0O)N(alkyl)(aryl) groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=O)NH(heterocyclyl) groups, —C(=0O)N
(heterocyclyl)  groups, —C(=0)N(alkyl)(heterocyclyl)
groups, —C(=0O)N(aryl)(heterocyclyl) groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-

cyclyloxyalkyl groups;
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R"™ and R'” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted

or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0O)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl)  groups, —C(=O)N(aryl), groups,
—C(=0)N(a. kyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl,
substituted or unsubstituted diheterocyclylaminoalkyl, sub-
stituted or unsubstituted (heterocyclyl)(alkyl)aminoalkyl,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

R"'® and R*® may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R"' and R*' may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,
—(C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH2, —C(=0O)NH(alkyl) groups, —C(=O)NH(aryl)
groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(=0)-heterocyclyl groups, —C(=0)—O0O-het-
erocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) ~ groups, —C(=0)N(alkyl)
(heterocyclyl) groups, —C(=0)—N(aryl)(heterocyclyl)
groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R"™, R*?, R**, and R*> may be the same or different and
are 111depenc ently selected from H, —NH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted aryloxy groups, substituted or
unsubstituted heterocyclyl groups, —NHOH, —N(alkyl)
OH groups, —N(aryl)OH groups, —N(alkyl)O-alkyl
groups, —N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups,
or —N(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.
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In the third group of compounds, at least one of R>, R°,
R’. or R® is selected from substituted or unsubstituted
amidinyl groups, substituted or unsubstituted guanidinyl
groups, substituted or unsubstituted saturated heterocyclyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubsti-
tuted alkoxyalkyl groups, substituted or unsubstituted ary-
loxyalkyl groups, or substituted or unsubstituted heterocy-
clyloxyalkyl groups; —OR"” groups where R" is selected
from substituted or unsubstituted aryl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, —C(=0)H, —C(=0)-aryl
groups, —C(=0)NH,, —C(=O0O)NH(alkyl) groups,
—C(=0)NH(aryl) groups, —C(=0O)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted  heterocyclylaminoalkyl groups, substituted or
unsubstituted diheterocyclylaminoalkyl groups, substituted
or unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted and
unsubstituted heterocyclyloxyalkyl groups; —NR*"R**
groups where R*° is selected from substituted or unsubsti-
tuted heterocyclyl groups; —NR*“R*' groups where R*" is
selected from substituted or unsubstituted heterocyclyl
groups, —C(=0)H, —C(=0)-aryl groups, —C(=0O)NH.,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl) groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, —C(=0)0O-alkyl groups,
—C(=0)0O-aryl groups, substituted or unsubstituted ami-
noalkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, substi-
tuted or unsubstituted alkoxyalkyl groups, substituted or
unsubstituted aryloxyalkyl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, or substituted or unsubsti-
tuted heterocyclyloxyalkyl groups; or —C(=0)R*> groups
where R* is selected from H, —NH,, —NH(alkyl) groups,
—NH(aryl) groups, —N(alkyl), groups, —N(aryl), groups,
—N(alkyl)(aryl) groups, —NHheterocyclyl) groups,
—N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)(aryl)
groups, —IN(heterocyclyl), groups, substituted or unsubsti-

tuted aryl groups, substituted or unsubstituted aryloxy
groups, or substituted or unsubstituted heterocyclyl groups.

The mmvention provides a fourth group of compounds
having the structure I, tautomers of the compounds, phar-
maceutically acceptable salts of the compounds, and phar-
maceutically acceptable salts of the tautomers.
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In the fourth group of compounds:

Y 1s selected from —OH, SH, alkylthio groups, arylthio
aroups, —OR'© groups, —C(=0)—R'! groups, —NR R'3
groups, —CN, substituted or unsubstituted alkyl groups,
substituted or unsubstituted alkenyl groups, substituted or
unsubstituted alkynyl groups, substituted or unsubstituted
aralkyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryl groups, substituted or unsubstituted
heterocyclyloxyalkyl groups, substituted or unsubstituted
hydroxvalkyl groups, substituted or unsubstituted alkoxy-
alkyl groups, or substituted or unsubstituted aryloxyalkyl
groups;

Z is selected from O, S, or NR'* groups;

R', R, R’, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, —CN, —NO,,
—OH, —OR"” groups, —NR'"°R'7 groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, or —C(=O)R"® groups:

R>, R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —NO,, —OH,
—QOR" groups. —NR*"R*" groups, —SH, —SR** groups.
~ S(=O0)R" groups, —S(=0),R>* groups, — CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=QO)R* groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R” and R'* may be the same or different and are inde-
pendently selected from H, —OH, substituted or unsubsti-
tuted alkoxy groups, substituted or unsubstituted aryloxy
groups, —INH,, substituted or unsubstituted alkylamino
groups, substituted or unsubstituted arylamino groups, sub-
stituted or unsubstituted dialkylamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubsti-
tuted (alkyl)(aryl)amino groups, substituted or unsubstituted
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alkyl groups, substituted or unsubstituted aryl groups,
—C(=0)H, —C(=0)-alkyl groups, or —C(=0)-aryl
groups;

R'Y is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0)0-alkyl
groups, —C(=0)0O-aryl groups, —C(=O0O)NH,, —C(=0)
NH(alkyl) groups, —C(=O)NH(aryl) groups, —C(=0O)N
(alkyl), groups, —C(=O)N(aryl), groups, —C(=0O)N
(alkyl)(aryl) groups, —NH,, —NH(alkyl) groups, —NH
(aryl) groups, —N(alkyl), groups, —N(alkyl)(aryl) groups,
—N(aryl), groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)N(heterocyclyl) groups, —C(=0)N(alkyl)(het-
erocyclyl) groups, or —C(=O)N(aryl)(heterocyclyl)
groups;

R'' is selected from H, —OH, alkoxy groups, aryloxy
groups, —NH,, —NH(alkyl) groups, —NH(aryl) groups,
—N(alkyl) groups, —N(aryl), groups, —N(alkyl)(aryl)
groups, substituted or unsubstituted alkyl groups, —INH
(heterocyclyl)  groups, = —Nt(heterocyclyl),  groups,
—N{(alkyl)(heterocyclyl) groups, or substituted or unsubsti-
tuted aryl groups;

R'“ is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R' is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryloxy groups, —INH,, substituted or unsubstituted hetero-
cyclylalkyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino
groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=0)NH,, —C(=O0O)NH(alkyl) groups,
—C(=0)NH(aryl) groups, —C(=0O)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=0O)NH(heterocyclyl) groups, —C(=0O)N
(heterocyclyl)  groups, —C(=0)N(alkyl)(heterocyclyl)
groups, —C(=0O)N(aryl)(heterocyclyl) groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R' and R'” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=0O)-aryl groups, —C(=O0O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl) ~ groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
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groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl,
substituted or unsubstituted diheterocyclylaminoalkyl, sub-
stituted or unsubstituted (heterocyclyl)(alkyl)aminoalkyl,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

R"'® and R*” may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'” and R*' may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,
—C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0)NH(alkyl) groups, —C(=O0O)NH(aryl)
groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(=0)-heterocyclyl groups, —C(=0)—0O-het-
crocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) groups, —C(=0)—N(alkyl)
(heterocyclyl) groups, —C(=0)—N(aryl)(heterocyclyl)
groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R", R*?, R**, and R* may be the same or different and
are indepenc ently selected from H, —NH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted aryloxy groups, substituted or
unsubstituted heterocyclyl groups, —NHOH, —N(alkyl)
OH groups, —N(aryl)OH groups, —N(alkyl)O-alkyl
groups, —N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups,
or —N(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.

In the fourth group of compounds, at least one of R', R?,
R®, or R* is an —OR" group and R"™ is selected from
substituted or unsubstituted heterocyclylalkyl groups, sub-
stituted or unsubstituted dialkylaminoalkyl groups, substi-
tuted or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted diarylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted (alkyl)
(aryl)aminoalkyl groups, substituted or unsubstituted het-
erocyclyl groups, substituted or unsubstituted heterocycly-
laminoalkyl  groups, substituted or unsubstituted
diheterocyclylaminoalkyl groups, substituted or unsubsti-
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tuted (heterocyclyl)(alkyl)aminoalkyl groups, or substituted
or unsubstituted (heterocyclyl)(aryl)aminoalkyl groups.

Preferred compounds 1n any of the first, second, or third
groups described above are provided in which Z 1s an
—NR'?. Preferred compound of the fourth group are also
provided in which Z is an —NR'" group.

Preferred compounds according to the first, second, third,
and fourth groups of compounds are provided in which Y 1s
an —OR'® group, an-NR'*R'? group, or a substituted or
unsubstituted alkynyl group.

Other preferred compounds of the first, second, third, and
fourth groups are provided in which R' is selected from H,
substituted or unsubstituted alkoxy groups, substituted or

unsubstituted heterocyclylalkoxy groups, substituted or
unsubstituted heterocyclyloxy groups, or substituted or
unsubstituted heterocyclyl groups.

Still further provided are compounds of the first, second,
third, and fourth groups in which R” is selected from the
group consisting of H, F, Cl, —NO,, substituted and unsub-
stituted heterocyclylalkoxy groups, and substituted and
unsubstituted heterocyclyl groups.

Still further provided are compounds of the first, second,
third, and fourth groups in which R® or R’ is an alkyl group.
Still further preferred compounds of the four groups are
those in which R® or R’ is an —OR"'” group and R” is an
alkyl group, an aryl group, a heterocyclyl group, or a
heterocyclylalkyl group.

Preferred compounds of the fourth group of compounds
are provided in which R' is an —OR"> group and R" is
selected from substituted or unsubstituted heterocyclylalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted  (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubsti-
tuted heterocyclylaminoalkyl groups, substituted or unsub-
stituted diheterocyclylaminoalkyl groups, substituted or
unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups, or
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl
groups.

The mvention further provides compounds having the
structure II. The mvention provides tautomers of the com-
pounds, pharmaceutically acceptable salts of the com-
pounds, and pharmaceutically acceptable salts of the tau-
tomers. Structure 11 has the following formula

11

where:

Y 1s selected from H, —OH, —OR" groups, —SH,
__ SR groups. _ NRI!2R!3 groups, —CN, —C(—O)—RM
groups, substituted or unsubstituted alkyl groups, substituted
or unsubstituted alkenyl groups, substituted or unsubstituted
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alkynyl groups, substituted or unsubstituted aralkyl groups,
substituted or unsubstituted heterocyclylalkyl groups, sub-
stituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted  heterocyclylaminoalkyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted hydroxyalkyl
groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substi-
tuted or unsubstituted heterocyclyloxyalkyl groups;

X', X?, X, and X* are selected from C or N, and at least
one of X', X*, X7, and X* is N;

R, R* R’ R* R>, R R’, and R® may be the same or
different and are independently selected from H, Cl, Br, F, 1,
—NO,, —CN, —OH, —OR"” groups, _ NR!°R'7 groups,
—C(—O)R groups, —SH, —SR"” groups, —S(=0O)R*"
groups, S(=0),R*" groups, substituted or unsubstituted
amidinyl groups, substituted or unsubstituted guanidinyl
groups, substituted or unsubstituted primary, secondary, or
tertiary alkyl groups, substituted or unsubstituted aryl
groups, substituted or unsubstituted alkenyl groups, substi-
tuted or unsubstituted alkynyl groups, substituted or unsub-
stituted heterocyclyl groups, substituted or unsubstituted
alkylaminoalkyl groups, substituted or unsubstituted dialky-
laminoalkyl groups, substituted or unsubstituted arylami-
noalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted ami-
noalkyl groups, substituted or unsubstituted heterocycly-
laminoalkyl groups, substituted or unsubstituted hydroxy-
alkyl groups, substituted or unsubstituted alkoxyalkyl
groups, substituted or unsubstituted aryloxyalkyl groups, or
substituted or unsubstituted heterocyclyloxyalkyl groups; R>
is absent or is H if X' is N; R° is absent or is H if X* is N:
R’ is absent or is H if X° is N; and R® is absent or is H if X*
1s N;

R” is selected from H, —OH, substituted or unsubstituted
alkoxy groups, substituted or unsubstituted arvloxy groups,
—NH,, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or
unsubstituted dialkylamino groups, substituted or unsubsti-
tuted diarylamino groups, substituted or unsubstituted (alky-
D(aryl)amino groups, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, —C(=0)
H, —C(=0)-alkyl groups, or —C(=0)-aryl groups;

R'® is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, —C(=0O)NH,, —C(=0)
NH(alkyl) groups, —C(=0O)NH(aryl) groups, —C(=0O)N
(alkyl), groups, —C(=O0O)N(aryl), groups, —C(=O)N
(alkyl)(aryl) groups, —NH,, —NH(alkyl) groups, —NH
(aryl) groups, —N(alkyl), groups, —N(alkyl)(aryl) groups,
—N(aryl), groups, —C(=O)NH(heterocyclyl) groups,
—C(=0)N(heterocyclyl) groups, —C(=O0O)N(alkyl)(het-
erocyclyl) groups, or —C(=O0O)N(aryl)(heterocyclyl)
groups;

R'" and R may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, or substituted or unsubstituted aryl groups;
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R'* is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'° is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryvloxy groups, —NH,, substituted or unsubstituted hetero-
cyclylalkyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino
groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=0)NH,, —C(=O0O)NH(alkyl) groups,
—C(=0O)NH(aryl) groups, —C(=0O)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=O)NH(heterocyclyl) groups, —C(=0O)N
(heterocyclyl) — groups, —C(=0O)N(alkyl)(heterocyclyl)
groups, —C(=0)N(aryl)(heterocyclyl) groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R'* is selected from H, —OH, alkoxy groups, aryloxy
groups, —NH,, —NH(alkyl) groups, —NH(aryl) groups,
—N(alkyl) groups, —Nf(aryl), groups, —N(alkyl)(aryl)
groups, substituted or unsubstituted alkyl groups, substituted
or unsubstituted aryl groups, —NH(heterocyclyl) groups,
—N(heterocyclyl)  groups, = —N(alkyl)(heterocyclyl)
groups, or —N(aryl)(heterocyclyl) groups;

R'# and R"® may join together to form a 5 to 7 membered
saturated or unsaturated, substituted or unsubstituted N-con-
taining ring;

R' is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl) ~ groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted diheterocyclylami-
noalkyl groups, substituted or unsubstituted (heterocyclyl)
(alkyl)aminoalkyl groups, substituted or unsubstituted (het-
erocyclyl)(aryl)aminoalkyl  groups,  substituted  or
unsubstituted alkoxyalkyl groups, substituted or unsubsti-
tuted aryloxyalkyl groups, substituted or unsubstituted
hydroxvalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R'® is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;
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R"7 is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted

or unsubstituted heterocyclyl groups, —C(=0O)H,
—C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0O)NH(alkyl) groups, —C(=O)NH(aryl)
groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted aminoalkyl groups, substituted or unsubstituted alky-
laminoalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (aryl)(alkyl)aminoalkyl
groups, substituted or unsubstituted heterocyclylalkyl
groups, —C(=0)-heterocyclyl groups, —C(=0)—0O-het-
crocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) groups, —C(=0)—N(alkyl)
(heterocyclyl) groups, —C(=0)—N(aryl)(heterocyclyl)
groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, substituted or unsub-
stituted heterocyclyloxyalkyl groups, —OH, substituted or
unsubstituted alkoxy groups, substituted or unsubstituted
aryloxy groups, or —NH, groups;

R'® and R'” may join together to form a 5 to 7 membered
saturated or unsaturated, substituted or unsubstituted N-con-
taining ring; and

R'®, R, and R*' may be the same or different and are
independently selected from H, —NH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, substituted or unsubsti-
tuted alkyl groups, substituted or unsubstituted aryl groups,
—OH, substituted or unsubstituted alkoxy groups, substi-
tuted or unsubstituted aryloxy groups, substituted or unsub-
stituted heterocyclyl groups, —NHOH, —N(alkyl)OH
groups, —N(ary])OH groups, —N(alkyl)O-alkyl groups,
—N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups, or
—N{(aryl)O-aryl groups.

Preferred compounds having structure II are also provided
where Y is selected from H, —OH, —OR'® groups, or

12 13
—NR R groups.

Still other preferred compounds having structure II are
provided where at least two of X', X*, X7, and X* are C and
the corresponding substituents R>, R®, R, and R® are hydro-
gen, and at least one of X', X?, X°, and X* is N, and the rest
of the compound is consistent with any of the above-
described compounds.

Still other more preferred compounds of structure II are
provided in which R® or R’ is an alkyl group and the rest of
the compound 1s consistent with any of the above-described
compounds.

Still other compounds of structure II are provided in
which R® or R’ is an —OR"'> group and R"" is an alkyl, aryl,
heterocyclyl, or heterocyclylalkyl group and the rest of the
molecule 1s consistent with any of the above-described
compounds.

Still further compounds having the formula of structure 11
are provided in which R' is selected from H, substituted or
unsubstituted alkoxy groups, substituted or unsubstituted
heterocyclylalkoxy groups, substituted or unsubstituted het-
erocyclyloxy groups, or substituted or unsubstituted hetero-
cyclyl groups.

Still other compounds having the Structure II are provided
in which In other compounds having the structure II, R” is
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selected from H, F, Cl, —NO,, substituted or unsubstituted
heterocyclyl groups, or substituted or unsubstituted hetero-
cyclylalkoxy groups.

Pharmaceutical formulations according to the present
invention are provided which include any of the compounds
described above 1n combination with a pharmaceutically
acceptable carrier.

A method of treating a patient in need of an inhibitor of
vascular endothelial growth factor receptor tyrosine kinase
1s provided which includes administering an eflective
amount of the pharmaceutical formulation according to the
present ivention to a patient 1n need thereof.

Further objects, features and advantages of the mvention
will be apparent from the following detailed description.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The present invention provides novel compounds that act
as antagonists of receptor tyrosine kinases, and, more par-
ticularly, as inhibitors of bFGF and/or VEGF-RTK function.
The compounds provided herein can be formulated into
pharmaceutical formulations that are useful in treating
patients with a need for an inhibitor of VEGF-RTK, espe-
cially, in particular embodiments, to provide compositions
and methods for reducing capillary proliferation and 1n the
treatment of cancer.

The following abbreviations and definitions are used
throughout this application:

“VEGF” 15 an abbreviation that stands for vascular endot-
helial growth factor.

“RTK” 1s an abbreviation that stands for receptor tyrosine
kinase.

“VEGF-RTK” 1s an abbreviation that stands for vascular
endothelial growth factor receptor tyrosine Kinase.

“F1t-1” 1s an abbreviation that stands for fms-like tyrosine
kinase-1, also known as vascular endothelial growth factor
receptor-1 or “VEGEFR1™.

“KDR” 1s an abbreviation that stands for kinase-insert
domain-containing receptor, also known as vascular endot-
helial growth factor receptor-2 or “VEGFR2”.

“bFGE” 1s an abbreviation that stands for basic fibroblast
growth factor.

“bFGFR” 1s an abbreviation that stands for basic fibro-
blast growth factor receptor.

Generally, reference to a certain element such as hydrogen
or H 1s meant to include all 1sotopes of that element. For
example, 1 an R group 1s defined to include hydrogen or H,
it also includes deuterrum and tritium.

The phrase “unsubstituted alkyl” refers to alkyl groups
that do not contain heteroatoms. Thus the phrase includes
straight chain alkyl groups such as methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl and the like. The phrase also includes branched
chain 1somers of straight chain alkyl groups, including but
not limited to, the following which are provided by way of
example: —CH(CH,),, —CH(CH,)CH,CH,), —CH
(CH,CHj;),, —C(CHj;);, —C(CH,CH,;)5, —CH,CH(CHj;),,
—CH,CH(CH;)(CH,CH,), —CH,CH(CH,CH,;),, —CH,C
(CH;)s, —CH,C(CH,CH;);, —CH(CH,)CH(CH;)
(CH,CH,), —CH,CH,CH(CH,),, —CH,CH,CH(CH,)
(CH,CH,), —CH,CH,CH(CH,CH,),, —CH,CH,C(CH,),,
—CH,CH,C(CH,CH,),, —CH(CH,)CH,CH(CH,),, —CH
(CH,)CH(CH,)CH(CH,),, —CH(CH,CH,)CH(CH;)CH
(CH,)(CH,CH,), and others. The phrase also includes cyclic
alkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl and such rings
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substituted with straight and branched chain alkyl groups as
defined above. The phrase also includes polycyclic alkyl
groups such as, but not limited to, adamantyl norbornyl, and
bicyclo[2.2.2]octyl and such rings substituted with straight
and branched chain alkyl groups as defined above. Thus, the
phrase unsubstituted alkyl groups includes primary alkyl
groups, secondary alkyl groups, and tertiary alkyl groups.
Unsubstituted alkyl groups may be bonded to one or more
carbon atom(s), oxygen atom(s), nitrogen atom(s), and/or
sulfur atom(s) in the parent compound. Preferred unsubsti-
tuted alkyl groups include straight and branched chain alkyl
groups and cyclic alkyl groups having 1 to 20 carbon atoms.
More preferred such unsubstituted alkyl groups have from 1
to 10 carbon atoms while even more preferred such groups
have from 1 to 5 carbon atoms. Most preferred unsubstituted
alkyl groups include straight and branched chain alkyl
groups having from 1 to 3 carbon atoms and include methyl,
cthyl, propyl, and —CH(CH,),.

The phrase “substituted alkyl” refers to an unsubstituted
alkyl group as defined above 1n which one or more bonds to
a carbon(s) or hydrogen(s) are replaced by a bond to
non-hydrogen and non-carbon atoms such as, but not limited
to, a halogen atom 1n halides such as F, Cl, Br, and I; and
oxygen atom in groups such as hydroxyl groups, alkoxy
groups, aryloxy groups, and ester groups; a sulfur atom 1n
groups such as thiol groups, alkyl and aryl sulfide groups,
sulfone groups, sulfonyl groups, and sulfoxide groups; a
nitrogen atom 1n groups such as amines, amides, alky-
lamines, dialkylamines, arylamines, alkylarylamines, diary-
lamines, N-oxides, imides, and enamines; a silicon atom 1n
groups such as in trialkylsilyl groups, dialkylarylsilyl
groups, alkyldiarylsilyl groups, and triarylsilyl groups; and
other heteroatoms in various other groups. Substituted alkyl
groups also include groups in which one or more bonds to
a carbon(s) or hydrogen(s) atom 1s replaced by a bond to a
heteroatom such as oxygen 1n carbonyl, carboxyl, and ester
groups; nitrogen 1n groups such as imines, oximes, hydra-
zones, and mnitriles. Preferred substituted alkyl groups
include, among others, alkyl groups in which one or more
bonds to a carbon or hydrogen atom 1s/are replaced by one
or more bonds to fluorine atoms. One example of a substi-
tuted alkyl group 1s the trifluoromethyl group and other alkyl
groups that contain the trifluoromethyl group. Other alkyl
groups include those 1n which one or more bonds to a carbon
or hydrogen atom 1s replaced by a bond to an oxygen atom
such that the substituted alkyl group contains a hydroxyl,
alkoxy, aryloxy group, or heterocyclyloxy group. Still other
alkyl groups include alkyl groups that have an amine,
alkylamine, dialkylamine, arylamine, (alkyl)(aryl)amine,
diarylamine,  heterocyclylamine,  (alkyl)(heterocyclyl)
amine, (aryl)(heterocyclyl)amine, or diheterocyclylamine
group.

The phrase “unsubstituted aryl” refers to aryl groups that
do not contain heteroatoms. Thus the phrase includes, but 1s
not limited to, groups such as phenyl, biphenyl, anthracenyl,
naphthenyl by way of example. Although the phrase “unsub-
stituted aryl” includes groups containing condensed rings
such as naphthalene, 1t does not include aryl groups that
have other groups such as alkyl or halo groups bonded to one
of the ring members, as aryl groups such as tolyl are
considered herein to be substituted aryl groups as described
below. A preferred unsubstituted aryl group 1s phenyl.
Unsubstituted aryl groups may be bonded to one or more
carbon atom(s), oxygen atom(s), nitrogen atom(s), and/or
sulfur atom(s) in the parent compound, however.

The phrase “substituted aryl group” has the same meaning,
with respect to unsubstituted aryl groups that substituted
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alkyl groups had with respect to unsubstituted alkyl groups.
However, a substituted aryl group also includes aryl groups
in which one of the aromatic carbons 1s bonded to one of the
non-carbon or non-hydrogen atoms described above and
also includes aryl groups 1in which one or more aromatic
carbons of the aryl group 1s bonded to a substituted and/or
unsubstituted alkyl, alkenyl, or alkynyl group as defined
herein. This includes bonding arrangements in which two
carbon atoms of an aryl group are bonded to two atoms of
an alkyl, alkenyl, or alkynyl group to define a fused ring
system (e.g. dihydronaphthyl or tetrahydronaphthyl). Thus,
the phrase “substituted aryl” includes, but 1s not limited to
tolyl, and hydroxyphenyl among others.

The phrase “unsubstituted alkenyl” refers to straight and
branched chain and cyclic groups such as those described
with respect to unsubstituted alkyl groups as defined above,
except that at least one double bond exists between two
carbon atoms. Examples include, but are not limited to vinyl,
—CH=C(H)(CH,), —CH=C(CH,),, —C(CH,)=C(H).,
—C(CH,)=C(H)(CH,), —C(CH,CH;)=CH,, cyclohex-
enyl, cyclopentenyl, cyclohexadienyl, butadienyl, pentadi-
enyl, and hexadienyl among others.

The phrase “substituted alkenyl” has the same meaning
with respect to unsubstituted alkenyl groups that substituted
alkyl groups had with respect to unsubstituted alkyl groups.
A substituted alkenyl group includes alkenyl groups in
which a non-carbon or non-hydrogen atom 1s bonded to a
carbon double bonded to another carbon and those in which
one of the non-carbon or non-hydrogen atoms 1s bonded to
a carbon not involved 1n a double bond to another carbon.

The phrase “unsubstituted alkynyl” refers to straight and
branched chain groups such as those described with respect
to unsubstituted alkyl groups as defined above, except that
at least one triple bond exists between two carbon atoms.
Examples include, but are not lmmited to —C=C(H),
—C=(C(CH,), C=(C(CH,CH,;), —C(H,)C=C(H),
—C(H),C=C(CH,), and —C(H),C=C(CH,CH,) among
others.

The phrase “substituted alkynyl” has the same meaning
with respect to unsubstituted alkynyl groups that substituted
alkyl groups had with respect to unsubstituted alkyl groups.
A substituted alkynyl group includes alkynyl groups in
which a non-carbon or non-hydrogen atom 1s bonded to a
carbon triple bonded to another carbon and those 1n which
a non-carbon or non-hydrogen atom 1s bonded to a carbon
not involved 1n a triple bond to another carbon.

The phrase “unsubstituted aralkyl” refers to unsubstituted
alkyl groups as defined above in which a hydrogen or carbon
bond of the unsubstituted alkyl group 1s replaced with a bond
to an aryl group as defined above. For example, methyl
(—CH,) 1s an unsubstituted alkyl group. If a hydrogen atom
of the methyl group 1s replaced by a bond to a phenyl group,
such as 11 the carbon of the methyl were bonded to a carbon
of benzene, then the compound 1s an unsubstituted aralkyl
group (1.¢., a benzyl group). Thus the phrase includes, but 1s

not limited to, groups such as benzyl, diphenylmethyl, and
1 -phenylethyl (—CH(CH;)(CH,)) among others.

The phrase “substituted aralkyl” has the same meaning
with respect to unsubstituted aralkyl groups that substituted
aryl groups had with respect to unsubstituted aryl groups.
However, a substituted aralkyl group also includes groups 1n
which a carbon or hydrogen bond of the alkyl part of the
group 1s replaced by a bond to a non-carbon or a non-
hydrogen atom. Examples of substituted aralkyl groups
include, but are not limited to, —CH,C(=0)(CH.), and

—CH, (2-methylphenyl) among others.
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The phrase “unsubstituted heterocyclyl” refers to both
aromatic and nonaromatic ring compounds including mono-
cyclic, bicyclic, and polycyclic ring compounds such as, but
not limited to, quinuclidyl, containing 3 or more ring mem-
bers of which one or more 1s a heteroatom such as, but not
limited to, N, O, and S. Although the phrase “unsubstituted
heterocyclyl” includes condensed heterocyclic rings such as
benzimidazolyl, 1t does not include heterocyclyl groups that
have other groups such as alkyl or halo groups bonded to one
of the ring members as compounds such as 2-methylbenz-
imidazolyl are substituted heterocyclyl groups. Examples of
heterocyclyl groups include, but are not limited to: unsat-
urated 3 to 8 membered rings containing 1 to 4 nitrogen
atoms such as, but not limited to pyrrolyl, pyrrolinyl, 1mi-
dazolyl, pyrazolyl, pyridyl, dihydropyridyl, pyrimidyl,
pyrazinyl, pyridazinyl, triazolyl (e.g. 4H-1,2.,4-triazolyl,
1H-1,2,3-tnnazolyl, 2H-1,2,3-triazolyl etc.), tetrazolyl, (e.g.
1H-tetrazolyl, 2H tetrazolyl, etc.); saturated 3 to 8 mem-
bered rings containing 1 to 4 nitrogen atoms such as, but not
limited to, pyrrolidinyl, imidazolidinyl, piperidinyl, piper-
azinyl; condensed unsaturated heterocyclic groups contain-
ing 1 to 4 nitrogen atoms such as, but not limited to, indolyl,
1soindolyl, indolinyl, indolizinyl, benzimidazolyl, quinolyl,
isoquinolyl, indazolyl, benzotriazolyl; unsaturated 3 to 8
membered rings containing 1 to 2 oxygen atoms and 1 to 3
nitrogen atoms such as, but not limited to, oxazolyl, 1s0x-
azolyl, oxadiazolyl (e.g. 1,2,4-oxadiazolyl, 1,3,4-oxadiaz-
olyl, 1,2,5-oxadiazolyl, etc.); saturated 3 to 8 membered
rings containing 1 to 2 oxygen atoms and 1 to 3 nitrogen
atoms such as, but not limited to, morpholinyl; unsaturated
condensed heterocyclic groups containing 1 to 2 oxygen
atoms and 1 to 3 nitrogen atoms, for example, benzoxazolyl,
benzoxadiazolyl, benzoxazinyl (e.g. 2H-1,4-benzoxazinyl
etc.); unsaturated 3 to 8 membered rings containing 1 to 3
sulfur atoms and 1 to 3 nitrogen atoms such as, but not
limited to, thiazolyl, 1sothiazolyl, thiadiazolyl (e.g. 1,2,3-
thiadiazolyl, 1,2,4-thuadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-
thiadiazolyl, etc.); saturated 3 to 8 membered rings contain-
ing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms such as, but
not limited to, thiazolodinyl; saturated and unsaturated 3 to
8 membered rings containing 1 to 2 sulfur atoms such as, but
not limited to, thienyl, dihydrodithiinyl, dihydrodithionyl,
tetrahydrothiophene, tetrahydrothiopyran; unsaturated con-
densed heterocyclic rings containing 1 to 2 sulfur atoms and
1 to 3 mitrogen atoms such as, but not limited to, benzothia-
zolyl, benzothiadiazolyl, benzothiazinyl (e.g. 2H-1,4-ben-
zothiazinyl, etc.), dihydrobenzothiazinyl (e.g. 2H-3,4-dihy-
drobenzothiazinyl, etc.), unsaturated 3 to 8 membered rings
containing oxygen atoms such as, but not limited to furyl;
unsaturated condensed heterocyclic rings containing 1 to 2
oxygen atoms such as benzodioxolyl (e.g. 1,3-benzodioxoyl,
etc.); unsaturated 3 to 8 membered rings containing an
oxygen atom and 1 to 2 sulfur atoms such as, but not limited
to, dihydrooxathiinyl; saturated 3 to 8 membered rings
containing 1 to 2 oxygen atoms and 1 to 2 sulfur atoms such
as 1,4-oxathiane; unsaturated condensed rings containing 1
to 2 sulfur atoms such as benzothienyl, benzodithiinyl; and
unsaturated condensed heterocyclic rings containing an oxy-
gen atom and 1 to 2 oxygen atoms such as benzoxathiinyl.
Heterocyclyl group also include those described above 1n
which one or more S atoms 1n the ring 1s double-bonded to
one or two oxygen atoms (sulfoxides and sulfones). For
example, heterocyclyl groups include tetrahydrothiophene,
tetrahydrothiophene oxide, and tetrahydrothiophene 1,1-di-
oxide. Preferred heterocyclyl groups contain 5 or 6 ring
members. More preferred heterocyclyl groups include mor-
pholine, piperazine, piperidine, pyrrolidine, imidazole, pyra-
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zole, 1,2,3-tnazole, 1,2,4-triazole, tetrazole, thiomorpholine,
thiomorpholine in which the S atom of the thiomorpholine
1s bonded to one or more O atoms, pyrrole, homopiperazine,
oxazolidin-2-one, pyrrolidin-2-one, oxazole, quinuclidine,
thiazole, 1soxazole, furan, and tetrahydrofuran.

The phrase ““substituted heterocyclyl” refers to an unsub-
stituted heterocyclyl group as defined above in which one of
the ring members 1s bonded to a non-hydrogen atom such as
described above with respect to substituted alkyl groups and
substituted aryl groups. Examples, include, but are not
limited to, 2-methylbenzimidazolyl, 35-methylbenzimida-
zolyl, 5-chlorobenzthiazolyl, 1-methyl piperazinyl, and
2-chloropyridyl among others.

The phrase “unsubstituted heterocyclylalkyl” refers to
unsubstituted alkyl groups as defined above 1 which a
hydrogen or carbon bond of the unsubstituted alkyl group 1s
replaced with a bond to a heterocyclyl group as defined
above. For example, methyl (—CH,) 1s an unsubstituted
alkyl group. If a hydrogen atom of the methyl group is
replaced by a bond to a heterocyclyl group, such as 1t the
carbon of the methyl were bonded to carbon 2 of pyridine
(one of the carbons bonded to the N of the pyrnidine) or
carbons 3 or 4 of the pyridine, then the compound 1s an
unsubstituted heterocyclylalkyl group.

The phrase “substituted heterocyclylalkyl” has the same
meaning with respect to unsubstituted heterocyclylalkyl
groups that substituted aralkyl groups had with respect to
unsubstituted aralkyl groups. However, a substituted hetero-
cyclylalkyl group also includes groups i which a non-
hydrogen atom 1s bonded to a heteroatom 1n the heterocyclyl
group of the heterocyclylalkyl group such as, but not limited
to, a nitrogen atom 1n the piperidine ring of a piperidinyla-
lkyl group.

The phrase “unsubstituted alkylaminoalkyl” refers to an
unsubstituted alkyl group as defined above in which a
carbon or hydrogen bond 1s replaced by a bond to a nitrogen
atom that 1s bonded to a hydrogen atom and an unsubstituted
alkyl group as defined above. For example, methyl (—CH,)
1s an unsubstituted alkyl group. If a hydrogen atom of the
methyl group 1s replaced by a bond to a nitrogen atom that
1s bonded to a hydrogen atom and an ethyl group, then the
resulting compound 1s —CH,—N(H)(CH,CH,) which 1s an
unsubstituted alkylaminoalkyl group.

The phrase “substituted alkylaminoalkyl” refers to an
unsubstituted alkylaminoalkyl group as defined above
except where one or more bonds to a carbon or hydrogen
atom 1n one or both of the alkyl groups 1s replaced by a bond
to a non-carbon or non-hydrogen atom as described above
with respect to substituted alkyl groups except that the bond
to the nitrogen atom 1n all alkylaminoalkyl groups does not
by 1tself quality all alkylaminoalkyl groups as being substi-
tuted. However, substituted alkylaminoalkyl groups does
include groups in which the hydrogen bonded to the nitrogen
atom of the group i1s replaced with a non-carbon and
non-hydrogen atom.

The phrase “unsubstituted dialkylaminoalkyl” refers to an
unsubstituted alkyl group as defined above in which a
carbon bond or hydrogen bond 1s replaced by a bond to a
nitrogen atom which 1s bonded to two other similar or
different unsubstituted alkyl groups as defined above.

The phrase “substituted dialkylaminoalkyl” refers to an
unsubstituted dialkylaminoalkyl group as defined above in
which one or more bonds to a carbon or hydrogen atom in
one or more of the alkyl groups 1s replaced by a bond to a
non-carbon and non-hydrogen atom as described with
respect to substituted alkyl groups. The bond to the nitrogen
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atom 1n all dialkylaminoalkyl groups does not by itself
qualify all dialkylaminoalkyl groups as being substituted.

The phrase “unsubstituted heterocyclyloxyalkyl™” refers to
an unsubstituted alkyl group as defined above 1n which a
carbon bond or hydrogen bond is replaced by a bond to an
oxygen atom which 1s bonded to an unsubstituted hetero-
cyclyl group as defined above.

The phrase “‘substituted heterocyclyloxyalkyl™ refers to
an unsubstituted heterocyclyloxyalkyl group as defined
above 1n which a bond to a carbon or hydrogen group of the
alkyl group of the heterocyclyloxyalkyl group 1s bonded to
a non-carbon and non-hydrogen atom as described above
with respect to substituted alkyl groups or in which the
heterocyclyl group of the heterocyclyloxyalkyl group i1s a
substituted heterocyclyl group as defined above.

The phrase “unsubstituted arylaminoalkyl” refers to an
unsubstituted alkyl group as defined above in which a
carbon bond or hydrogen bond 1s replaced by a bond to a
nitrogen atom which 1s bonded to at least one unsubstituted
aryl group as defined above.

The phrase “substituted arylaminoalkyl” refers to an
unsubstituted arylaminoalkyl group as defined above except
where either the alkyl group of the arylaminoalkyl group 1s
a substituted alkyl group as defined above or the aryl group
of the arylaminoalkyl group 1s a substituted aryl group
except that the bonds to the mitrogen atom in all arylami-
noalkyl groups does not by 1tself qualify all arylaminoalkyl
groups as being substituted. However, substituted arylami-
noalkyl groups does include groups 1n which the hydrogen
bonded to the nitrogen atom of the group i1s replaced with a
non-carbon and non-hydrogen atom.

The phrase “unsubstituted heterocyclylaminoalkyl” refers
to an unsubstituted alkyl group as defined above in which a
carbon or hydrogen bond 1s replaced by a bond to a nitrogen
atom which 1s bonded to at least one unsubstituted hetero-
cyclyl group as defined above.

The phrase “substituted heterocyclylaminoalkyl™ refers to
unsubstituted heterocyclylaminoalkyl groups as defined
above 1 which the heterocyclyl group 1s a substituted
heterocyclyl group as defined above and/or the alkyl group
1s a substituted alkyl group as defined above. The bonds to
the mitrogen atom 1n all heterocyclylaminoalkyl groups does
not by 1itself qualily all heterocyclylaminoalkyl groups as
being substituted. However, substituted heterocyclylami-
noalkyl groups do include groups in which the hydrogen
bonded to the nitrogen atom of the group i1s replaced with a
non-carbon and non-hydrogen atom.

The phrase “unsubstituted alkylaminoalkoxy™ refers to an
unsubstituted alkyl group as defined above in which a
carbon or hydrogen bond 1s replaced by a bond to an oxygen
atom which 1s bonded to the parent compound and in which
another carbon or hydrogen bond of the unsubstituted alkyl
group 1s bonded to a nitrogen atom which 1s bonded to a
hydrogen atom and an unsubstituted alkyl group as defined
above.

The phrase “substituted alkylaminoalkoxy” refers to
unsubstituted alkylaminoalkoxy groups as defined above 1n
which a bond to a carbon or hydrogen atom of the alkyl
group bonded to the oxygen atom which 1s bonded to the
parent compound 1s replaced by one or more bonds to a
non-carbon and non-hydrogen atoms as discussed above
with respect to substituted alkyl groups and/or 1f the hydro-
gen bonded to the amino group 1s bonded to a non-carbon
and non-hydrogen atom and/or 11 the alkyl group bonded to
the nitrogen of the amine i1s bonded to a non-carbon and
non-hydrogen atom as described above with respect to
substituted alkyl groups. The presence of the amine and
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alkoxy functionality in all alkylaminoalkoxy groups does
not by itself quality all such groups as substituted alkylami-
noalkoxy groups.

The phrase “unsubstituted dialkylaminoalkoxy™ refers to
an unsubstituted alkyl group as defined above 1n which a
carbon or hydrogen bond 1s replaced by a bond to an oxygen
atom which 1s bonded to the parent compound and in which
another carbon or hydrogen bond of the unsubstituted alkyl
group 1s bonded to a nitrogen atom which 1s bonded to two
other similar or different unsubstituted alkyl groups as
defined above.

The phrase “substituted dialkylaminoalkoxy™ refers to an
unsubstituted dialkylaminoalkoxy group as defined above in
which a bond to a carbon or hydrogen atom of the alkyl
group bonded to the oxygen atom which 1s bonded to the
parent compound 1s replaced by one or more bonds to a
non-carbon and non-hydrogen atoms as discussed above
with respect to substituted alkyl groups and/or 1f one or more
of the alkyl groups bonded to the nitrogen of the amine 1s
bonded to a non-carbon and non-hydrogen atom as
described above with respect to substituted alkyl groups.
The presence of the amine and alkoxy functionality 1n all
dialkylaminoalkoxy groups does not by itsellf quality all
such groups as substituted dialkylaminoalkoxy groups.

The phrase “unsubstituted heterocyclyloxy™ refers to a
hydroxyl group (—OH) 1n which the bond to the hydrogen
atom 1s replaced by a bond to a ring atom of an otherwise
unsubstituted heterocyclyl group as defined above.

The phrase “substituted heterocyclyloxy™ refers to a
hydroxyl group (—OH) 1n which the bond to the hydrogen
atom 1s replaced by a bond to a ring atom of an otherwise
substituted heterocyclyl group as defined above.

The term “protected” with respect to hydroxyl groups,
amine groups, and sulthydryl groups refers to forms of these
functionalities which are protected from undesirable reac-
tion with a protecting group known to those skilled in the art

such as those set forth in Protective Groups in Organic
Synthesis, Greene, T. W.; Wuts, P. G. M., John Wiley &

Sons, New York, N.Y., (3rd Edition, 1999) which can be
added or removed using the procedures set forth therein.
Examples of protected hydroxyl groups include, but are not

limited to, silyl ethers such as those obtained by reaction of

a hydroxyl group with a reagent such as, but not limited to,
t-butyldimethyl-chlorosilane, trimethylchlorosilane, triiso-
propylchlorosilane, triethylchlorosilane; substituted methyl
and ethyl ethers such as, but not limited to methoxymethyl
cther, methythiomethyl ether, benzyloxymethyl ether, t-bu-
toxymethyl ether, 2-methoxyethoxymethyl ether, tetrahy-
dropyranyl ethers, 1-ethoxyethyl ether, allyl ether, benzyl
cther; esters such as, but not limited to, benzoyliormate,
formate, acetate, trichloroacetate, and trifluoracetate.
Examples of protected amine groups include, but are not
limited to, amides such as, formamide, acetamide, trifluo-
roacetamide, and benzamide; imides, such as phthalimide,
and dithiosuccinimide; and others. Examples of protected
sulthydryl groups include, but are not limited to, thioethers
such as S-benzyl thioether, and S-4-picolyl thioether; sub-
stituted S-methyl derivatives such as hemithio, dithio and
aminothio acetals; and others.

A “pharmaceutically acceptable salt” includes a salt with
an 1norganic base, organic base, inorganic acid, organic acid,
or basic or acidic amino acid. As salts of inorganic bases, the
invention includes, for example, alkali metals such as
sodium or potassium; alkaline earth metals such as calcium
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diethanolamine, and triethanolamine. As salts of 1norganic
acids, the instant mvention includes, for example, hydro-
chloric acid, hydroboric acid, nitric acid, sulfuric acid, and
phosphoric acid. As salts of organic acids, the instant inven-
tion 1ncludes, for example, formic acid, acetic acid, trifluo-
roacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic
acld, citric acid, succinic acid, malic acid, methanesulfonic
acid, benzenesulfonic acid, and p-toluenesulifonic acid. As
salts of basic amino acids, the instant invention includes, for
example, arginine, lysine and ormithine. Acidic amino acids
include, for example, aspartic acid and glutamic acid.

Generally, the invention provides compounds including
having the structure I. The invention also provides tautomers
of the compounds, pharmaceutically acceptable salts of the
compounds, and pharmaceutically acceptable salts of the
tautomers. Structure I has the following formula:

RS RS
R! Y 1\{ \ /

) \
R \ \ Z/ RS
R’ 2N N O

R* ];ltg

Preferred compounds having structure I are those within
one of four groups.

In the first group of compounds:

Y is selected from —OR'® groups, —C(=0)—R""
groups, —NR'"R'? groups, substituted or unsubstituted
alkynyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted saturated heterocyclyl groups,
substituted or unsubstituted heterocyclyloxyalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, or substi-
tuted or unsubstituted aryloxyalkyl groups;

7 is selected from O, S, or NR'* groups:;

R', R, R’, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, —CN, —NQO,,
—QH, —OR™" groups, —NR'°R"'’ groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted dihet-
erocyclylaminoalkyl groups, substituted or unsubstituted
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(heterocyclyl)(alkyl)aminoalkyl groups, substituted or
unsubstituted (heterocyclyl)(aryl)aminoalkyl groups, or
—C(—O)R groups;

R>, R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —INO,, —OH,
—QOR" groups, —NR*°R*" groups, —SH, —SR** groups,
— S(=O0)R" groups, —S(=0),R** groups, —CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted heterocyclylalkyl groups, —C(=O)R*>
groups, substituted or unsubstituted aminoalkyl groups, sub-
stituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylaminoalkyl groups, substituted or
unsubstituted diheterocyclylaminoalkyl groups, substituted
or unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R” and R'* may be the same or different and are inde-
pendently selected from H, —OH, substituted or unsubsti-
tuted alkoxy groups, substituted or unsubstituted aryloxy
groups, —NH,, substituted or unsubstituted alkylamino
groups, substituted or unsubstituted arylamino groups, sub-
stituted or unsubstituted dialkylamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubsti-
tuted (alkyl)(aryl)amino groups, substituted or unsubstituted
alkyl groups, substituted or unsubstituted aryl groups,
—C(=0)H, —C(=0)-alkyl groups, or —C(=0)-aryl
groups;

R' is selected from substituted or unsubstituted aryl
groups, substituted or unsubstituted heterocyclyl groups,
—C(=0)H, —(C(=O0)-alkyl groups, —C(=0)-aryl
groups, —C(=0)0-alkyl groups, —C(=0)O-aryl groups,
—C(=0)NH,, —C(=0)NH(alkyl) groups, —C(=O0O)NH
(aryl) groups, —C(=0)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0)N(alkyl)(aryl) groups, —NH,, _NH
(alkyl) groups, —NH(aryl) groups, —N(alkyl), groups,
—N(alkyl)(aryl) groups, —N(aryl), groups, —INH(hetero-
cyclyl) groups, —N(heterocyclyl), groups, —N(alkyl)(het-
erocyclyl) groups, —N(aryl)(heterocyclyl), —C(=O)NH
(heterocyclyl) groups, —C(=0O)N(heterocyclyl), groups,
—C(=0)N(alkyl)(heterocyclyl) groups, —C(=0O)N(aryl)
(heterocyclyl) groups, or substituted or unsubstituted het-
erocyclylalkyl groups;

R'" is selected from H, —NH,, —NH(alkyl) groups,
—NH(aryl) groups, —N(alkyl), groups, —N(aryl), groups,
—N(alkyl)(aryl) groups, —NH(heterocyclyl) groups,
—N(heterocyclyl)  groups,  —N(alkyl)(heterocyclyl)
groups, —N(aryl)(heterocyclyl) groups, —O-alkyl groups,
O-aryl groups, heterocyclyloxyalkyl groups, or substituted
or unsubstituted aryl groups;

R'“ is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'® is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
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aryloxy groups, —NH,, substituted or unsubstituted hetero-
cyclylalkyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino
groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=0O)NH,, —C(=O0)NH(alkyl) groups,
—C(=0O)NH(aryl) groups, —C(=0O)N(alkyl), groups,
—C(=0)N(aryl), groups, —C(=0)N(alkyl)(aryl) groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=0O)NH(heterocyclyl) groups, —C(=0)—N
(heterocyclyl), groups, —C(=0O)N(aryl)(heterocyclyl)
groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, substituted or unsub-
stituted heterocyclyloxyalkyl groups, or —C(=0)—N
(alkyl)(heterocyclyl) groups;

R'> and R'” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,

—C(=0)N(alkyl) ~ groups, —C(=O)N(aryl), groups,
—C(=0)N(a. kyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl), groups, —N(alkyl)(heterocy-
clyl) groups, —N(aryl)(heterocyclyl) groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylaminoalkyl, substituted or unsubstituted dihet-
erocyclylaminoalkyl, substituted or unsubstituted (heterocy-
clyl)(alkyl)aminoalkyl, substituted or unsubstituted (hetero-
cyclyl)(aryl)aminoalkyl, substituted or unsubstituted
alkoxvyalkyl groups, substituted or unsubstituted hydroxy-
alkyl groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalkyl
groups;

R'® and R*” may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R"” and R*' may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,
—(C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0O)NH(alkyl) groups, —C(=0O)NH(aryl)
groups, —C(=O0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
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groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(=0)-heterocyclyl groups, —C(=0)—0O-het-
erocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) groups, —C(=0)N(aryl)(het-
crocyclyl) groups, substituted or unsubstituted heterocycly-
laminoalkyl groups, substituted or unsubstituted dihetero-
cyclylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(alkyl)aminoalkyl groups, substituted or
unsubstituted (heterocyclyl)(aryl)aminoalkyl groups, substi-
tuted or unsubstituted hydroxyalkyl groups, substituted or
unsubstituted alkoxyalkyl groups, substituted or unsubsti-
tuted aryloxyalkyl groups, substituted or unsubstituted het-
erocyclyloxyalkyl groups, or —C(=0)—N{(alkyl)(hetero-
cyclyl) groups;

R'®, R*®, R**, and R*> may be the same or different and
are mdependently selected from H, —NH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryloxy groups, heterocyclyloxy groups,

—NHOH, —N(alkyl)OH groups, —N(aryl)OH groups,
—N(alkyl)O-alkyl groups, —N(aryl)O-alkyl groups,
—N(alkyl)O-aryl groups, or —N(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.

In other embodiments of the mvention, compounds of
formula I above include a second group of compounds
having the substituents described below:

Y is selected from —OR'® groups, —C(=0)—R"
groups, —NR'’R'® groups, substituted or unsubstituted
alkynyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted saturated heterocyclyl groups,
substituted or unsubstituted heterocyclyloxyalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, or substi-
tuted or unsubstituted aryloxyalkyl groups;

Z is selected from O, S, or NR'* groups;
R', R* R’ and R* may be the same or different and are

independently selected from H, Cl, Br, F, I, —CN, —NO,,
—QOH, —OR" groups, —NR'°R'’ groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, and tertiary alkyl groups, substituted or unsub-
stituted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, or —C(=O)R'® groups;

R>, R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —NO,, —OH,
—OR" groups, —NR*"R*' groups, —SH, —SR** groups,
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—S(=0O)R>* groups, —S(=0),R** groups, —CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, and tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted heterocyclylalkyl groups, —C(=OQ)R>"
groups, substituted or unsubstituted aminoalkyl groups, sub-
stituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubsti-
tuted alkoxyalkyl groups, substituted or unsubstituted ary-
loxyalkyl groups, or substituted or unsubstituted heterocy-
clyloxyalkyl groups;

R” is selected from the group consisting of —OH, sub-
stituted or unsubstituted alkoxy groups, substituted or
unsubstituted aryloxy groups, —NH,, substituted or unsub-
stituted alkylamino groups, substituted or unsubstituted ary-
lamino groups, substituted or unsubstituted dialkylamino
groups, substituted or unsubstituted diarylamino groups,
substituted or unsubstituted (alkyl)(aryl)amino groups, sub-
stituted or unsubstituted alkyl groups, substituted or unsub-
stituted aryl groups, —C(=0)H, —C(=0)-alkyl groups, or
—C(=0)-aryl groups;

R'® is selected from substituted or unsubstituted aryl
groups, substituted or unsubstituted heterocyclyl groups,
—C(=0)H, —C(=0)-alkyl groups, —C(=0)-aryl
groups, —C(=0)O0-alkyl groups, —C(=0)O-aryl groups,
—C(=0)NH,, —C(=0)NH(alkyl) groups, —C(=0O)NH
(aryl) groups, —C(=0O)N(alkyl), groups, —C(=0)N(aryl),
groups, —C(=0O)N(alkyl)(aryl) groups, —NH,, _NH
(alkyl) groups, —NH(aryl) groups, —N(alkyl), groups,
—N(alkyl)(aryl) groups, —N(aryl), groups, —C(=0O)NH
(heterocyclyl) groups, —C(=0O)N(heterocyclyl), groups,
—C(=0)N(alkyl)(heterocyclyl) groups, —C(=0O)N(aryl)
(heterocyclyl) groups, or substituted or unsubstituted het-
erocyclylalkyl groups;

R"™ is selected from H, —NH,, —NH(alkyl) groups.
—NH(aryl) groups, —N(alkyl), groups, —N(aryl), groups,
—N(alkyl)(aryl) groups, —NHfheterocyclyl) groups,
—N(heterocyclyl)  groups,  —N(alkyl)(heterocyclyl)
groups, —O-alkyl groups, O-aryl groups, substituted or
unsubstituted alkyl groups, or substituted or unsubstituted
aryl groups;

R"* is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R" is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryloxy groups, —INNH,,, substituted or unsubstituted alky-
lamino groups, substituted or unsubstituted arylamino
groups, substituted or unsubstituted dialkylamino groups,
substituted or unsubstituted diarylamino groups, substituted
or unsubstituted (alkyl)(aryl)amino groups, —C(=0O)H,
—C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
O-alkyl groups, —C(=0)0O-aryl groups, —C(=0O)NH,,

—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl)  groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted

heterocyclylalkyl groups, substituted or unsubstituted ami-
noalkyl groups, substituted or unsubstituted alkylaminoalkyl
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groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=0O)NH(heterocyclyl) groups, —C(=0O)N
(heterocyclyl)  groups, —C(=O)N(aryl)(heterocyclyl)
groups, —C(=0)N(alkyl)(heterocyclyl) groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R'* is selected from H, —OH, substituted or unsubstituted
alkoxy groups, substituted or unsubstituted aryloxy groups,
—NH,, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or
unsubstituted dialkylamino groups, substituted or unsubsti-
tuted diarylamino groups, substituted or unsubstituted (alky-
D)(aryl)amino groups, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, —C(=0)
H, —C(=0)-alkyl groups, or —C(=0)-aryl groups;

R'> and R'” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=0)-aryl groups, —C(=O)NH,,
—(C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl) ~ groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl,
substituted or unsubstituted diheterocyclylaminoalkyl, sub-
stituted or unsubstituted (heterocyclyl)(alkyl)aminoalkyl,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

R'® and R*® may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-

tuted or unsubstituted heterocyclyl groups;

R'” and R*' may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,
—(C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0)NH(alkyl) groups, —C(=0)NH(aryl)
groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=O0O)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(=0)-heterocyclyl groups, —C(=0)—0O-het-
cerocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) groups, —C(=0O)N(aryl)(het-
erocyclyl)  groups, —C(=O0)—N(alkyl)(heterocyclyl)
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groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R"™, R*?, R**, and R*> may be the same or different and
are mdependently selected from H, —NH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryloxy groups, —NHOH, —N(alkyl)OH
groups, —N(ary])OH groups, —N(alkyl)O-alkyl groups,
—N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups, or
—N{(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.

In another embodiment, the present invention provides a
third group of compounds having the general formula I
above with substituents selected from the following:

Y 1s selected from —OH, SH, alkylthio groups, arylthio
groups, —OR'"Y groups, —C(—O)—R” groups, —NR R!3
groups, —CN, substituted or unsubstituted alkyl groups,
substituted or unsubstituted alkenyl groups, substituted or
unsubstituted alkynyl groups, substituted or unsubstituted
aralkyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryl groups, substituted or unsubstituted
heterocyclyloxyalkyl groups, substituted or unsubstituted
hydroxvalkyl groups, substituted or unsubstituted alkoxy-
alkyl groups, or substituted or unsubstituted aryloxyalkyl
groups;

7 is selected from O, S, or NR'* groups:;

R', R’ R’ and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, —CN, —NO,,
—QOH, —OR™" groups, —NR'°R"'’ groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, or —C(=O)R'®;

R>, R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —NO,, —OH,
—OR" groups, —NR*°R*" groups, —SH, —SR** groups,
—S(=O0)R" groups, —S(=0),R** groups, —CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
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enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=O)R*> groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R” and R'* may be the same or different and are inde-
pendently selected from H, —OH, substituted or unsubsti-
tuted alkoxy groups, substituted or unsubstituted aryloxy
groups, —NH,, substituted or unsubstituted alkylamino
groups, substituted or unsubstituted arylamino groups, sub-
stituted or unsubstituted dialkylamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubsti-
tuted (alkyl)(aryl)amino groups, substituted or unsubstituted
alkyl groups, substituted or unsubstituted aryl groups,
—C(=0)H, —C(=0)-alkyl groups, or —C(=0)-aryl
groups;

R' is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0O)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0)0O-alkyl
groups, —C(=0)O-aryl groups, —C(=0O)NH,, —C(=0)
NH(alkyl) groups, —C(=0O)NH(aryl) groups, —C(=0O)N
(alkyl), groups, —C(=O)N(aryl), groups, —C(=O)N
(alkyl)(aryl) groups, —NH,, —NH(alkyl) groups, —NH
(aryl) groups, —N(alkyl), groups, —N(alkyl)(aryl) groups,
—N(aryl), groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)N(heterocyclyl) groups, —C(=O0O)N(alkyl)(het-
erocyclyl) groups, or —C(=O)N(aryl)(heterocyclyl)
groups;

R'" is selected from H, —OH, alkoxy groups, aryloxy
groups, —INH,, —NH(alkyl) groups, —NH{aryl) groups,
—N(alkyl) groups, —N(aryl), groups, —N(alkyl)(aryl)
groups, substituted or unsubstituted alkyl groups, —INH
(heterocyclyl)  groups, @ —N(heterocyclyl),  groups,
—N(alkyl)(heterocyclyl) groups, or substituted or unsubsti-
tuted aryl groups;

R'* is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'” is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryloxy groups, —INH,, substituted or unsubstituted hetero-
cyclylalkyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino
groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=0O)NH,, —C(=0O)NH(alkyl) groups,
—C(=0)NH(aryl) groups, —C(=0)N(alkyl), groups,
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—C(=0)N(aryl), groups, —C(=O0)N(alkyl)(aryl) groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=0O)NH(heterocyclyl) groups, —C(=0O)N
(heterocyclyl) — groups, —C(=O)N(alkyl)(heterocyclyl)
groups, —C(=O0)N(aryl)(heterocyclyl) groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R"™ and R"” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=0)-aryl groups, —C(=O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=O0)N(alkyl)  groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl,
substituted or unsubstituted diheterocyclylaminoalkyl, sub-
stituted or unsubstituted (heterocyclyl)(alkyl)aminoalkyl,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

R'® and R*" may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'" and R*' may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,
—C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0O)NH(alkyl) groups, —C(=O)NH(aryl)
groups, —C(=O0)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0O)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(= :
erocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)N(heterocyclyl)  groups, —C(=0)N(alkyl)(het-
erocyclyl) groups, —C(=O0)N(aryl)(heterocyclyl) groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, substi-
tuted or unsubstituted alkoxyalkyl groups, substituted or
unsubstituted aryloxyalkyl groups, or substituted or unsub-
stituted heterocyclyloxyalkyl groups;

R'®, R*?, R**, and R*> may be the same or different and
are 1ndependently selected from H, —NH,, —INH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
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groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted aryloxy groups, substituted or
unsubstituted heterocyclyl groups, —NHOH, —N(alkyl)
OH groups, —N(ary]l)OH groups, —N(alkyl)O-alkyl
groups, —N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups,
or —N(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.

In the third group of compounds, at least one of R>, R®,
R’, or R® is selected from substituted or unsubstituted
amidinyl groups, substituted or unsubstituted guanidinyl
groups, substituted or unsubstituted saturated heterocyclyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubsti-
tuted alkoxyalkyl groups, substituted or unsubstituted ary-
loxyalkyl groups, or substituted or unsubstituted heterocy-
clyloxyalkyl groups; —OR'” groups where R" is selected
from substituted or unsubstituted aryl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, —C(=0)H, —C(=0)-aryl
groups, —C(=0O)NH,, —C(=0)NH(alkyl) groups,
—C(=0O)NH(aryl) groups, —C(=0O)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylaminoalkyl groups, substituted or
unsubstituted diheterocyclylaminoalkyl groups, substituted
or unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted and
unsubstituted heterocyclyloxyalkyl groups; —NR*"R>'
groups where R*" is selected from substituted or unsubsti-
tuted heterocyclyl groups; —NR*°R*" groups where R*" is
selected from substituted or unsubstituted heterocyclyl
groups, —C(=0)H, —C(=0)-aryl groups, —C(=0O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl) ~ groups, —C(=O)N(aryl), groups,
—C(=0)N(alkyl)(aryl) groups, —C(=0)0O-alkyl groups,
—C(=0)0O-aryl groups, substituted or unsubstituted ami-
noalkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, substi-
tuted or unsubstituted alkoxyalkyl groups, substituted or
unsubstituted aryloxyalkyl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, or substituted or unsubsti-
tuted heterocyclyloxyalkyl groups; or —C(=0)R*> groups
where R*” is selected from H, —NH,, —NH(alkyl) groups,
—NH(aryl) groups, —N(alkyl), groups, —N(aryl), groups,
—N(alkyl)(aryl) groups, —NHheterocyclyl) groups,
—N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)(aryl)
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groups, —N(heterocyclyl), groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted aryloxy
groups, or substituted or unsubstituted heterocyclyl groups.

In yet another embodiment, the present invention encom-
passes compounds of formula I 1n which the substituents
described below define a fourth group of compounds:

Y 1s selected from —OH, SH, alkylthio groups, arylthio
groups, —OR'® groups, —C(—O)—R” groups, _NR R*3
groups, —CN, substituted or unsubstituted alkyl groups,
substituted or unsubstituted alkenyl groups, substituted or
unsubstituted alkynyl groups, substituted or unsubstituted
aralkyl groups, substituted or unsubstituted heterocyclyla-
lkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, sub-
stituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted aryl groups, substituted or unsubstituted
heterocyclyloxyalkyl groups, substituted or unsubstituted
hydroxyalkyl groups, substituted or unsubstituted alkoxy-
alkyl groups, or substituted or unsubstituted aryloxyalkyl
groups;

7 is selected from O, S, or NR'* groups:

R', R, R’, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, —CN, —NQO,,
—QOH, —OR"” groups, —NR'°R'7 groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted
guanidinyl groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substi-
tuted or unsubstituted heterocyclyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted ary-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
heterocyclylalkyl groups, or —C(=O)R"'® groups:;

R>, R® R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, —NO,, —OH,
—OR" groups, —NR*"R*" groups, —SH, —SR** groups.
—S(=O0)R_ groups, —S(=0),R>** groups, —CN, substi-
tuted or unsubstituted amidinyl groups, substituted or unsub-
stituted guanidinyl groups, substituted or unsubstituted pri-
mary, secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=Q)R*> groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R” and R'* may be the same or different and are inde-
pendently selected from H, —OH, substituted or unsubsti-
tuted alkoxy groups, substituted or unsubstituted aryloxy
groups, —NH,, substituted or unsubstituted alkylamino
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groups, substituted or unsubstituted arylamino groups, sub-
stituted or unsubstituted dialkylamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubsti-
tuted (alkyl)(aryl)amino groups, substituted or unsubstituted
alkyl groups, substituted or unsubstituted aryl groups,
—C(=0)H, —C(=0)-alkyl groups, or —C(=0)-aryl
groups;

R'® is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=0)0-alkyl
groups, —C(=0)O-aryl groups, —C(=0O)NH,, —C(=0)
NH(alkyl) groups, —C(=0O)NH(aryl) groups, —C(=0O)N
(alkyl), groups, —C(=O)N(aryl), groups, —C(=0O)N
(alkyl)(aryl) groups, —NH,, —NH(alkyl) groups, —INH
(aryl) groups, —N(alkyl), groups, —N(alkyl)(aryl) groups,
—N(aryl), groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)N(heterocyclyl) groups, —C(=0)N(alkyl)(het-
crocyclyl) groups, or —C(=O)N(aryl)(heterocyclyl)
groups;

R'' is selected from H, —OH, alkoxy groups, aryloxy
groups, —NH,, —NH(alkyl) groups, —NH(aryl) groups,
—N(alkyl) groups, —Nf(aryl), groups, —N(alkyl)(aryl)
groups, substituted or unsubstituted alkyl groups, —INH
(heterocyclyl)  groups, @ —N(heterocyclyl),  groups,
—N(alkyl)(heterocyclyl) groups, or substituted or unsubsti-
tuted aryl groups;

R'“ is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'° is selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —OH, alkoxy groups,
aryloxy groups, —NH,, substituted or unsubstituted hetero-
cyclylalkyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, sub-
stituted or unsubstituted arylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino

groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=O0O)NH,, —C(=0O)NH(alkyl) groups,

—C(=0)NH(aryl) groups, —C(=O)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
—C(=0)-heterocyclyl groups, —C(=0)—0O-heterocyclyl
groups, —C(=O0O)NH(heterocyclyl) groups, —C(=0O)N
(heterocyclyl) —groups, —C(=0)—N(alkyl)(heterocyclyl)
groups, —C(=0O)N(aryl)(heterocyclyl) groups, substituted
or unsubstituted heterocyclylaminoalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted alkoxvyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted hetero-
cyclyloxyalkyl groups;

R and R"” may be the same or different and are inde-
pendently selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsub-
stituted heterocyclylalkyl groups, —C(=0)H, —C(=0)-
alkyl groups, —C(=O0)-aryl groups, —C(=O0O)NH,,
—C(=0)NH(alkyl) groups, —C(=0O)NH(aryl) groups,
—C(=0)N(alkyl)  groups, —C(=O)N(aryl), groups,
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—C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl,
substituted or unsubstituted diheterocyclylaminoalkyl, sub-
stituted or unsubstituted (heterocyclyl)(alkyl)aminoalkyl,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted hydroxyalkyl groups, substituted or unsub-
stituted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups;

R"'® and R*” may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups;

R'” and R*' may be the same or different and are inde-
pendently selected from H, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, —C(=0O)H,

—C(=0)-alkyl groups, —C(=0)-aryl groups, —C(=0)
NH,, —C(=0O)NH(alkyl) groups, —C(=0O)NH(aryl)
groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0O)N(alkyl)(aryl) groups, —C(=0)0O-alkyl
groups, —C(=0)0O-aryl groups, substituted or unsubsti-
tuted heterocyclylalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylami-
noalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, —C(=0)-heterocyclyl groups, —C(=0)—0O-het-
cerocyclyl groups, —C(=0O)NH(heterocyclyl) groups,
—C(=0)—N(heterocyclyl) groups, —C(=0)—N(alkyl)
(heterocyclyl) groups, —C(=0)—N(aryl)(heterocyclyl)
groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or

unsubstituted heterocyclyloxyalkyl groups;
R"™, R*?, R**, and R*> may be the same or different and
are indepenc ently selected from H, —NH,, —NH(alkyl)

groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, —NH(heterocyclyl)
groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)
(aryl) groups, —N(heterocyclyl), groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted aryloxy groups, substituted or
unsubstituted heterocyclyl groups, —NHOH, —N(alkyl)
OH groups, —N(aryl)OH groups, —N(alkyl)O-alkyl
groups, —N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups,
or —N(aryl)O-aryl groups; and

R** is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, or substi-
tuted or unsubstituted heterocyclyl groups.

In the fourth group of compounds, at least one of R', R?,
R>, or R* is an —OR" group and R"™ is selected from
substituted or unsubstituted heterocyclylalkyl groups, sub-

stituted or unsubstituted dialkylaminoalkyl groups, substi-
tuted or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted diarylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted (alkyl)
(aryl)aminoalkyl groups, substituted or unsubstituted het-
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erocyclyl groups, substituted or unsubstituted heterocycly-
laminoalkyl  groups, substituted or unsubstituted

diheterocyclylaminoalkyl groups, substituted or unsubsti-
tuted (heterocyclyl)(alkyl)aminoalkyl groups, or substituted
or unsubstituted (heterocyclyl)(aryl)aminoalkyl groups.

In the first, second, or third group of compounds 7 1s
preferably an —NR'* group, more preferably where R'* is
H. Preferred compounds of the fourth group include those
compounds in which Z is an —NR'" group, more preferably
where R'” is H.

Y is preferably an —OR'® group, an —NR'*R " group, or
a substituted or unsubstituted alkynyl group, or more pret-
erably is an —NR'*N" group in the first, second, third, and
fourth groups of compounds. In more preferred compounds
of the first group, Y is a NR'*R"> group and R** is H. In
more preferred compounds of the second and third groups,
Y is a NR**R" group and one or both of R** and R"* are H.

Other preferred compounds of the first, second, and third
groups include those where Y 1s selected from —N(CH,),,
—NH(CH,), —NH(CH,CH;), —N(CH,CH;),, —INH(aryl)
groups, —N(aryl), groups, —NHNH,, —NHN(CH,),,
—N(CH,)NH(CH,), —NH(CH,) NH, groups, —NH
(CH,), NH(alkyl) groups, —NH(CH,) N(alkyl), groups,
—N(alkyl)(CH ), NH, groups, —N(alkyl)(CH,),—NH
(alkyl) groups, —N(alkyl)(CH,), N(alkyl), groups, —NH
(CH.,), (heterocyclyl) groups, —N(alkyl)[(CH,), (heterocy-
clyl)] groups, —NH(CH,), OH groups, —NH(CH,) OCH,
groups, —NHCH,CH(NH,)CH(CH,),, —NH(2-aminocy-
clohexyl), —NH(cyclohexyl), —NHOCH;, —NH(N-mor-
pholinyl), —NH(quinuclidyl), especially —INH(quinuclid-
3-yl), or groups where R"* and R'> join to form a substituted
or unsubstituted saturated 5 or 6 membered N-containing
ring, where m 1s an mteger ranging from 2 to 4 such as 2, 3,
or 4 and n 1s an 1mteger ranging from O to 3 such as 0, 1, 2,
or 3.

More preferred compounds of the first, second, and third
also 1nclude those 1 which Y i1s selected from —NH(5-
benzimidazolyl), —NH(CH,),N(CH,),, —NH(CH,),OH,
—NH(CH, )(4-imidazolyl), —NH(CH,)(3-1midazolyl),
—NH(CH,)(4-pynidyl), —NH(CH,)(2-pyridyl), —NH
(CH,)(3-pyndyl), —NH(CH,)(2-tetrahydrofuranyl), —NH
(CH,)(4-piperidinyl), —NH(CH,)(3-piperidinyl), —NH
(CH,),|[2-(N-methylpyrrolidinyl)], —NH(CH,),(2-
pyrrolidinyl), —NH(CH,)[2-(N-methylpyrrolidinyl)],
—NH(CH,)(2-pyrrolidinyl), —INH(3-piperidinyl), or —NH
(3-pyrrolidinyl).

Preferred compounds of the first and second groups
include those compounds where R', R*, R, R* R° R’, and
R® are all H. Other preferred compounds of the first, second,
third, and fourth groups include those where R' is selected
from H, substituted or unsubstituted alkoxy groups, substi-
tuted or unsubstituted heterocyclylalkoxy groups, substi-
tuted or unsubstituted heterocyclyloxy groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubsti-
tuted alkyl-, heterocyclyl-, or aryl-aminoalkyl groups, sub-
stituted or unsubstituted dialkylaminoalkyl groups, substi-
tuted or unsubstituted diarylaminoalkyl groups, substituted
or unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted
or unsubstituted alkyl- or aryl-aminoalkoxy groups, substi-
tuted or unsubstituted dialkylaminoalkoxy groups, or sub-
stituted or unsubstituted diarylaminoalkoxy groups. Still
other compounds of the first, second, third, and fourth
groups include those in which R' is selected from F, Cl,
substituted or unsubstituted alkoxy groups, substituted or
unsubstituted heterocyclylalkoxy groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubsti-
tuted alkyl-, heterocyclyl-, or aryl-aminoalkyl groups, sub-
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stituted or unsubstituted dialkylaminoalkyl groups, substi-
tuted or unsubstituted diarylaminoalkyl groups, substituted
or unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted
or unsubstituted alkylaminoalkoxy groups, substituted or
unsubstituted arylaminoalkoxy groups, substituted or unsub-
stituted dialkylaminoalkoxy groups, substituted or unsubsti-
tuted diarylaminoalkoxy groups, or substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkoxy groups. Particular examples

include: —OCH,, —OCH,CH,,(N-morpholinyl), —N-mor-
pholinyl, —N-ci1s-dialkylmorpholinyl, —N-(4-alkyl)piper-
azinyl, —OCH,CH,N(alkyl), groups, —OCH,CH,NH

(alkyl) groups, —OCH,CH,NH,, —OCH,CH,NH(aryl)
groups, —OCH,CH,N(arvl), groups, —OCH,CH,N(alkyl)
(aryl) groups, alkoxy groups, —O(4-piperidinyl), —O[4-(1-
alkyl)piperidinyl]  groups, —OJ[3-(1-alkyD)pipenidinyl]
groups, —O[3-quinuclhidinyl], —OCH, (2-pyridyl),
—OCH,(4-pynidyl), —O@G-pyrrolidinyl), or —O[3-(1-
alkyl)pyrrolidinyl] groups.

Still other preferred compounds of the first, second, third,
and fourth groups include those in which R” is selected from
F, Cl, —NO,, —OCH,, N-morpholinyl, —N-cis-dialkyl-
morpholinyl, —N-(4-alkyl)piperazinyl, or —OCH,(2-py-
ridyl). Other preferred compounds of the first, second, third,
and fourth groups include those where R” is selected from H,
F, Cl, —NO,, substituted or unsubstituted heterocyclyla-
lkoxy groups, or substituted or unsubstituted heterocyclyl
groups. Yet other preferred compounds of the first, second,
third, and fourth groups include those where R* is selected
from F, Cl, —NO,, substituted or unsubstituted alkoxy
groups, substituted or unsubstituted heterocyclylalkoxy
groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted alkyl-, heterocycyl-, and aryl-
aminoalkyl groups, substituted or unsubstituted dialkyl- and
diaryl-aminoalkyl groups, substituted or unsubstituted alky-
larylaminoalkyl groups, substituted or unsubstituted alkyl-
and aryl-aminoalkoxy groups, substituted or unsubstituted
dialkyl- and diaryl-aminoalkoxy groups, or substituted or
unsubstituted alkylarylaminoalkoxy groups.

Still further preferred compounds of the first, second,
third, and fourth groups include those where R° is an alkyl
group having from one to four carbon atoms. In other
preferred compounds of the first, second, third, and fourth
groups, R’ is an alkyl group having from one to four carbon
atoms. Still further preferred compounds of the four groups
are those in which R° or R’ is an —OR"'” group and R'” is
an alkyl group, an aryl group, a heterocyclyl group, or a
heterocyclylalkyl group.

In still other preferred compounds of the first, second,
third, and fourth groups, R® or R” is a —OCH,(CH,),
(heterocyclyl) group and q 15 0, 1, 2, 3, or 4, more preferably
where the heterocyclyl group of the —OCH,(CH,)_(hetero-
cyclyl) group 1s a heterocycle selected from substituted or
unsubstituted morpholine, substituted or unsubstituted pip-
erazine, substituted or unsubstituted piperidine, substituted
or unsubstituted pyrrolidine, substituted or unsubstituted
pyrrole, substituted or unsubstituted 1midazole, substituted
or unsubstituted pyrazole, substituted or unsubstituted 1,2,
3-triazole, substituted or unsubstituted 1,2,4-triazole, sub-
stituted or unsubstituted tetrazole, substituted or unsubsti-
tuted thiomorpholine, substituted or unsubstituted
homopiperazine, substituted or unsubstituted oxazolidin-2-
one, substituted or unsubstituted pyrrolidin-2-one, substi-
tuted or unsubstituted pyridine, substituted or unsubstituted
oxazole, substituted or unsubstituted 1soxazole, substituted
or unsubstituted thiazole, substituted or unsubstituted
1sothiazole, substituted or unsubstituted furan, substituted or
unsubstituted thiophene, substituted or unsubstituted tet-
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rahydrofuran, substituted or unsubstituted tetrahy-
drothiophene, substituted or unsubstituted benzimidazole,
substituted or unsubstituted benzoxazole, or substituted or
unsubstituted benzothiazole.

In groups 1ncluding heterocyclyl groups, the heterocyclyl
may be attached in various ways. For example, in the
—OCH,(CH,)_(heterocyclyl) group, the heterocyclyl group
may be bonded to a methylene carbon of the —OCH,(CH,),,
group of the —OCH,(CH,)_(heterocyclyl) through various
ring members. By way of non-limiting example, where ( 1s
1 and the heterocyclyl group 1s tetrahydroiuran, the group
could be represented by the formula —OCH,CH,(tetrahy-

drofuranyl) which corresponds to the following two struc-
tures:

SO
SO

where structure 111 represents the group that can be referred
to as the —OCH,CH, (2-tetrahydroturanyl) group and struc-
ture IV represents the group that can be referred to as the
—QOCH,CH,(3-tetrahydrofuranyl) group. When the hetero-
cyclyl group 1s a N-containing heterocycle, such as, but not
limited to piperidine, piperazine, morpholine, or pyrrolidine,
the heterocycle can be bonded to the methylene carbon
through a ring carbon atom or through a nitrogen atom 1n the
ring of the N-containing heterocycle. Both of these are
preferred. Where the heterocyclyl group 1s a piperidine and
q 1s 2 for an —OCH,(CH,), (heterocyclyl) group, the fol-
lowing structures are possible and preferred:

[11

\ED

IV

(

o
}:O\/\/N
VI
N
'S
VII

VIII
N
}fo

Structure V 1s an example ot a —O(CH, ),(N-piperidinyl)
or —O(CH,);(1-piperidinyl) group. Structure VI 1s an
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example of a —O(CH, );-(2-piperidinyl) group. Structure
VII 1s an example of a —O(CH,),(3-piperidinyl) group.
Structure VIII 1s an example of a —O(CH,, ), (4-p1peridinyl)
group. Where the heterocyclyl group 1s a piperazine and q 1s
1 for an —OCH,(CH,)_(heterocyclyl) group, the following
structures are possible and preferred:

j{o\/\/N\

0

Structure I1X 1s an example of a—O(CH, ),(2-piperazinyl)
group, and structure X 1s an example of a —O(CH,),(1-
piperazinyl) or —O(CH, ),(IN-piperazinyl) group. Where the
heterocyclyl group 1s a morpholine and q 1s 1 for an
—OCH,(CH,)_(heterocyclyl) group, the following struc-
tures are possible and preferred:

}{O\/\/N\

N

O
SO

Structure XI 1s an example of a —O(CH,),(3-morpholi-

nyl) group, structure XII 1s an example of a —O(CH,),(4-
morpholinyl) or —O(CH,),(N-morpholinyl) group, and
structure XIII 1s an example of a —O(CH,),(2-morpholinyl)
group. It will be observed that where the group 1s a pyrro-
lidine, and q 1s 1, the structures available include —O(CH,),
(1-pyrrolidinyl) or —O(CH,),(N-pyrrolidinyl), —O(CH,),
(2-pyrrolidinyl), and —O(CH, ), (3-pyrrolidinyl).

Yet other preferred compounds of the first, second, third,
and fourth groups include those where at least one of R”, R°,
R’, and R® is a substituted or unsubstituted heterocyclyl
group, more specifically a substituted or unsubstituted het-
erocyclyl group comprising at least one O or N atom, still
more particularly a substituted or unsubstituted heterocyclyl
group selected from morpholine, piperazine, pipendine,
1,2,3-tnazole, 1,2,4-triazole, tetrazole, pyrrolidine, pyra-
zole, pyrrole, thiomorpholine, thiomorpholine in which the
S atom of the thiomorpholine group 1s bonded to one or
more O atoms, homopiperazine, benzimidazole, oxazolidin-
2-one, pyrrolidin-2-one, imidazole, 1soxazole, oxazole,
isothiazole, thiazole, thiophene, furan, pyran, tetrahy-
drothiophene, tetrahydroturan, tetrahydropyran, or pyridine.

Xl

XII

XIII
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Other preferred compounds of the first, second, third, and
fourth groups include those in which at least one of R'” or
R*' is selected from substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted arylaminoalkyl groups, substi-
tuted or unsubstituted dialkylaminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, (alkyl)(aryl)ami-
noalkyl groups, or substituted or unsubstituted heterocycly-
lalkyl groups, including: —CH,(CH,) NH, groups, —CH,
(CH,) NH(alkyl) groups, —CH,(CH,) NH(aryl) groups,
—CH (CH,),N(alkyl),  groups, —CH,(CH,),N(aryl),
groups, —CH,(CH,) N(alkyl)(aryl) groups, or —CH,
(CH,) (heterocyclyl) groups, wherein p 1s an integer ranging
from O to 4 and the heterocyclyl group of the —CH,
(CH,) (heterocyclyl) group 1s a N-containing heterocycle
selected from substituted or unsubstituted morpholine, sub-
stituted or unsubstituted pyrrolidine, substituted or unsub-
stituted piperazine, substituted or unsubstituted piperidine,
substituted or unsubstituted pyrrole, substituted or unsub-
stituted 1midazole, substituted or unsubstituted pyrazole,
substituted or unsubstituted 1,2,3-triazole, substituted or
unsubstituted 1,2.4-triazole, substituted or unsubstituted tet-
razole, substituted or unsubstituted thiomorpholine, substi-
tuted or unsubstituted homopiperazine, substituted or unsub-
stituted oxazolidin-2-one, substituted or unsubstituted
pyrrolidin-2-one, substituted or unsubstituted pyridine, sub-
stituted or unsubstituted oxazole, substituted or unsubsti-
tuted 1soxazole, substituted or unsubstituted thiazole, sub-
stituted or unsubstituted 1sothiazole, substituted or
unsubstituted benzimidazole, substituted or unsubstituted
benzoxazole, or substituted or unsubstituted benzothiazole.

Still further preferred compounds according to the {first,
second, third, and fourth groups include those in which R*>
1s selected from substituted or unsubstituted aryl groups,
substituted or unsubstituted alkyl groups, —NH,, —NH
(alkyl) groups, —N(alkyl), groups, —NH(aryl) groups,
—N(aryl) groups, —N(alkyl)(aryl) groups, —NH(heterocy-
clyl) groups, —N(heterocyclyl)(alkyl) groups, —N(hetero-
cyclyl)(aryl) groups, —N(heterocyclyl), groups, or N-con-
taining heterocycles. In such compounds, the N-containing,
heterocycles are bonded to the carbonyl carbon of the
—C(=0)—R group through either a mitrogen atom or a
carbon atom 1n the rings of the N-contaiming heterocycles. In
more preferred such compounds that are provided, the
N-containing heterocycle of the R*> group is selected from
substituted or unsubstituted morpholine, substituted or
unsubstituted pyrrolidine, substituted or unsubstituted pip-
erazine, substituted or unsubstituted piperidine, substituted
or unsubstituted pyrrole, substituted or unsubstituted 1mida-
zole, substituted or unsubstituted pyrazole, substituted or
unsubstituted 1,2,3-triazole, substituted or unsubstituted 1,2,
4-triazole, substituted or unsubstituted tetrazole, substituted
or unsubstituted thiomorpholine, substituted or unsubsti-
tuted homopiperazine, substituted or unsubstituted oxazoli-
din-2-one, substituted or unsubstituted pyrrolidin-2-one,
substituted or unsubstituted pyridine, substituted or unsub-
stituted oxazole, substituted or unsubstituted 1soxazole, sub-
stituted or unsubstituted thiazole, substituted or unsubsti-
tuted 1sothiazole, substituted or unsubstituted
benzimidazole, substituted or unsubstituted benzoxazole, or
substituted or unsubstituted benzothiazole.

Preferred compounds according to the first, third, and
fourth groups of compounds are also those where R” is H.

Preferred compounds of the fourth group of compounds
include those where R' is an —OR"> group and R is
selected from substituted or unsubstituted heterocyclylalkyl
groups, substituted or unsubstituted dialkylaminoalkyl
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groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted  (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubsti-
tuted heterocyclylaminoalkyl groups, substituted or unsub-
stituted diheterocyclylaminoalkyl groups, substituted or
unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups, or
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl
groups.

Other particularly preferred imnhibitors of VEGF-RTK are
compounds having the structure II, tautomers of the com-
pounds, pharmaceutically acceptable salts of the com-
pounds, and pharmaceutically acceptable salts of the tau-
tomers. Structure II has the following formula:

11

Rﬁ
Ve f
R Y N \
A A AT
RZ 4/
N VN N X\
w | w

~ H
n3 Y\T .

R* R’

In compounds having structure II, Y 1s selected from H,
—OH, —OR'" groups, —SH, —SR'' groups, —NR'*R""
groups, —CN, —C(=0)—R'* groups, substituted or
unsubstituted alkyl groups, substituted or unsubstituted alk-
enyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted aralkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted alkylaminoalkyl groups, substituted or unsub-
stituted dialkylaminoalkyl groups, substituted or unsubsti-
tuted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alkyl)
(aryl)aminoalkyl groups, substituted or unsubstituted het-
erocyclylaminoalkyl groups, substituted or unsubstituted
heterocyclyl groups, substituted or unsubstituted aryl
groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted
or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups.

In preferred compounds of structure I1, Y 1s selected from
H, —OH, —OR” groups, or —NR''R'? groups. More pref-
erably, Y is a —NR"'R"'? group. Still more preferably, Y is
a —NR'"'R'* group and both R'' and R'* are hydrogen. In
other preferred compounds having the structure II, Y 1is
selected from —N(CH,),, —NH(CH,), —NH(CH,CH,),
—N(CH,CH,),, —NH(aryl) groups, —N(aryl), groups,
—NHNH,, —NHN(CH,),, —N(CH,;)NH(CH,), —NH
(CH),,NH, groups, —NH(CH,), NH(alkyl) groups, —INH
(CH)), N(alkyl), groups, —N(alkyl)(CH,), NH, groups,
—N(alkyl)(CH,), NH(alkyl) groups, —N(alkyl)(CH ), N
(alkyl), groups, —NH(CH,) (heterocyclyl) groups,
—N{(alkyD)[(CH,), (heterocyclyl)] groups, —NH(CH, ), OH
groups, —NH(CH,) OCH, groups, —NHCH,CH(NH,, )CH
(CH,),, —NH(2-aminocyclohexyl), —NH(cyclohexyl),
—NHOCH,, —NH(N-morpholinyl), —NH(quinuclidyl),
especially —NH(quinuclid-3-yl), and groups where R"" and
R" join to form a substituted or unsubstituted saturated 5 or
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6 membered N-containing ring, where m1s 2, 3, or 4 and n
1s 0, 1, 2, or 3. Still more preferred compounds of this type
are those 1 which Y 1s selected from —NH(5-benzimida-

zolyl), —NH(CH,),N(CH;),, —NH(CH,),OH, —NH
(CH,)(4-imidazolyl), —NH(CH,)(3-1midazolyl), —NH
(CH,)(4-pyridyl), —NH(CH,)(2-pyridyl), —NH(CH,)(3-

pyridyl), —NH(CH,)(2-tetrahydrofuranyl), —N H(CH,,)(4-
piperidinyl), NH(CH, )(3-piperidinyl), —NH(CH,),[2-
(N-methyl-pyrrohc 1nyl)], —NH(CH,),(2-pyrrolidinyl),
—NH(CH,)[2-(N-methylpyrrolidinyl)], —INH(CH, )(2-pyr-
rolidinyl), —INH(3-piperidinyl), or —NH(3-pyrrolidinyl).

In compounds of structure II, X', X*, X°, and X* are
selected from C or N and at least one of X', X*, X°, and X*
is N. In some preferred compounds of structure II, X' is N,
R> is absent or H, and X*, X°, and X* are all C. In other
preferred compounds of structure II, X* is N, R° is absent or
H, and X', X°, and X* are C. In other preferred compounds
of structure 11, X° is N, R’ is absent or H, and X", X*, and
X* are all C. In still other preferred compounds of structure
I1, X*is N, R® is absent or H, and X", X*, and X" are all C.

In compounds of structure II, R', R*, R, R, R>, R° R’,
and R® may be the same or different and are independently
selected from H, CI, Br, F, I, —NO,, —CN, —OH, —OR">
groups, —NRIGR” gToupSs, —C(—O)ng groups, —SH,
SR groups, —S(=O)R*" groups, S(=0),R*" groups,
substituted or unsubstituted amidinyl groups, substituted or
unsubstituted guanidinyl groups, substituted or unsubsti-
tuted primary, secondary, or tertiary alkyl groups, substi-
tuted or unsubstituted aryl groups, substituted or unsubsti-
tuted alkenyl groups, substituted or unsubstituted alkynyl
groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted alkylaminoalkyl groups, substi-
tuted or unsubstituted dialkylaminoalkyl groups, substituted
or unsubstituted arylaminoalkyl groups, substituted or
unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted heterocyclylaminoalkyl groups, substituted or unsub-
stituted hydroxvyalkyl groups, substituted or unsubstituted
alkoxyalkyl groups, substituted or unsubstituted aryloxy-
alkyl groups, or substituted or unsubstituted heterocycly-
loxyalkyl groups. In compounds of structure II, R is absent
oris Hif X' is N, R® is absent or is H if X* is N, R’ is absent
or is H if X° is N, and R® is absent or is H if X* is N.

Some preferred compounds have the structure 11 where at
least one of R, R*, R°, R*, R°, R°, R’, or R® is a substituted
or unsubstituted heterocyclyl group, and, 1n more particular
embodiments, a substituted or unsubstituted heterocyclyl
group selected from morpholine, piperazine, piperidine,
1,2,3-tnazole, 1,2,4-tnazole, tetrazole, pyrrolidine, pyra-
zole, pyrrole, thiomorpholine, homopiperazine, benzimida-
zole, oxazolidin-2-one, pyrrolidin-2-one, 1imidazole, 1s0X-
azole, oxazole, 1sothiazole, thiazole, thiophene, furan, pyran,
tetrahydrothiophene, tetrahydrofuran, tetrahydropyran, and
pyridine.

Still other preferred compounds having structure II are
those in which R, R*, R”, and R* are H. In some preferred
embodiments, R* is selected from H, substituted or unsub-
stituted alkoxy groups, substituted or unsubstituted hetero-
cyclylalkoxy groups, substituted or unsubstituted heterocy-
clyloxy groups, substituted or unsubstituted heterocyclyl
groups, substituted or unsubstituted alkyl-, heterocyclyl-, or
aryl-aminoalkyl groups, substituted or unsubstituted dialky-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl groups, substituted or unsubstituted alkyl- or
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aryl-aminoalkoxy groups, substituted or unsubstituted
dialkylaminoalkoxy groups, or substituted or unsubstituted
dlarylamlnoalkoxy groups. In other preferred compounds,
R is selected from F, Cl, substituted or unsubstituted alkoxy
groups, substituted or unsubstituted heterocyclylalkoxy
groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted alkyl-, heterocyclyl-, or aryl-
aminoalkyl groups, substituted or unsubstituted dialkylami-
noalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl  groups, substituted or  unsubstituted
alkylaminoalkoxy groups, substituted or unsubstituted ary-
laminoalkoxy groups, substituted or unsubstituted dialky-
laminoalkoxy groups, substituted or unsubstituted diary-
laminoalkoxy groups, or substituted or unsubstituted (alkyl)
(aryl)aminoalkoxy groups. Particular examples include:

—OCH,, —OCH,CH,(N-morpholinyl), —N-morpholinyl,
-c1s-dimethylmorpholinyl, 1 nyl,
—OCH CH,N(alkyl),  groups, —OCH,CH,NH(alkyl)

groups, —OCH,CH,NH,, —OCH,CH NH(aryl) groups,
—OCH CH,N(aryl), groups, alkoxy groups, —OCH,CH,N
(alkyl)(aryl) groups, —O(4-piperidinyl), —O[4-(1-alkyl)pi-
peridinyl] groups, —O[3-(1-alkyD)piperidinyl] groups,
—O[3-quinuchidinyl], —OCH,(2-pyridyl), —OCH.,,(4-py-
ridyl), —O(Q3-pyrrolidinyl), —O[3-(1-alkyl)pyrrolidinyl], or
other —O(heterocyclyl) groups not listed in this paragraph.

In other compounds having the structure II, R” is selected
from F, Cl, —NO,, —OCH,, 1 '

(2-pynidyl). In yet other compounds having the structure 11,
R” is selected from H, F, Cl, —NO,, substituted or unsub-
stituted heterocyclylalkoxy groups, or substituted or unsub-
stituted heterocyclyl groups. Yet other preferred compounds
having the structure II include those where R is selected
from F, Cl, —NO,, substituted or unsubstituted alkoxy
groups, substituted or unsubstituted heterocyclylalkoxy
groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted alkyl-, heterocycyl-, and aryl-
aminoalkyl groups, substituted or unsubstituted dialkyl- and
diaryl-aminoalkyl groups, substituted or unsubstituted alky-
larylaminoalkyl groups, substituted or unsubstituted alkyl-
and arvl-aminoalkoxy groups, substituted or unsubstituted
dialkyl- and diaryl-aminoalkoxy groups, or substituted or
unsubstituted alkylarylaminoalkoxy groups.

In some preferred compounds having structure 11, at least
two of X', X?, X°, and X* are C and the corresponding
substituents R>, R°, R’, and R® are hydrogen, and at least one
of X', X*, X7, and X*is N. In yet other preferred compounds
having structure II, three of R°, R®, R’, and R® are hydrogen
and one of X', X*, X2, and X* is N. In still other more
preferred compounds of structure II, R®, R’, or both R® and
R’ are alkyl groups such as those having from one to four
carbon atoms. In yet other preferred compounds of structure
II, R® or R” is an —OR'* group and R'* is an alkyl, aryl,
heterocyclyl, or heterocyclylalkyl group. In still further
compounds of structure II, R® or R” is a —OCH,(CH,),
(heterocyclyl) group and q 1s 0, 1, 2, 3, or 4. In more
preferred compounds in which R® or R” is a —OCH,,
(CH,),-(heterocyclyl) group, the heterocyclyl group of the
—OCH,(CH,), (heterocyclyl) group 1s a heterocycle
selected from substituted or unsubstituted morpholine, sub-
stituted or unsubstituted piperazine, substituted or unsubsti-
tuted piperidine, substituted or unsubstituted pyrrolidine,
substituted or unsubstituted pyrrole, substituted or unsub-
stituted 1midazole, substituted or unsubstituted pyrazole,
substituted or unsubstituted 1,2,3-triazole, substituted or
unsubstituted 1.2.4-triazole, substituted or unsubstituted tet-
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razole, substituted or unsubstituted thiomorpholine, substi-
tuted or unsubstituted thiomorpholine 1n which the S atom of
the thiomorpholine group 1s bonded to one or more O atoms,
substituted or unsubstituted homopiperazine, substituted or
unsubstituted oxazolidin-2-one, substituted or unsubstituted
pyrrolidin-2-one, substituted or unsubstituted pyridine, sub-
stituted or unsubstituted oxazole, substituted or unsubsti-
tuted 1soxazole, substituted or unsubstituted thiazole, sub-
stituted or unsubstituted 1sothiazole, substituted or
unsubstituted furan, substituted or unsubstituted thiophene,
substituted or unsubstituted tetrahydrofuran, substituted or
unsubstituted tetrahydrothiophene, substituted or unsubsti-
tuted benzimidazole, substituted or unsubstituted benzox-
azole, or substituted or unsubstituted benzothiazole.

In compounds of structure II, R” is selected from H,
—OH, substituted or unsubstituted alkoxy groups, substi-
tuted or unsubstituted aryloxy groups, —NH,,, substituted or
unsubstituted alkylamino groups, substituted or unsubsti-
tuted arylamino groups, substituted or unsubstituted dialky-
lamino groups, substituted or unsubstituted diarylamino
groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, substituted or unsubstituted alkyl groups, substituted
or unsubstituted aryl groups, —C(=0)H, —C(=0)-alkyl
groups, or —C(=0)-aryl groups. One group of particularly
preferred compounds of structure II are those in which R” is
hydrogen.

In compounds of structure II, R'? is selected from sub-
stituted or unsubstituted alkyl groups, substituted or unsub-
stituted aryl groups, substituted or unsubstituted heterocy-
clyl groups, substituted or unsubstituted heterocyclylalkyl

groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-

aryl groups, —C(=0)0O-alkyl groups, —C(=0)O-aryl
groups, —C(=0)NH,, —C(=0)NH(alkyl) groups,
—C(=0)NH(aryl) groups, —C(=0)N(alkyl), groups,

—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
—NH,, —NH(alkyl) groups, —NH(aryl) groups,
—Nf(alkyl) groups, —N(alkyl)(aryl) groups, —N(aryl),
groups, —C(=O0O)NH(heterocyclyl) groups, —C(=0O)N
(heterocyclyl) — groups, —C(=0O)N(alkyl)(heterocyclyl)
groups, or —C(=0)N(aryl)(heterocyclyl) groups;

In compounds of structure II, R'* and R'” may be the
same or different and are independently selected from sub-
stituted or unsubstituted alkyl groups, or substituted or
unsubstituted aryl groups whereas R'* is selected from H,
substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted
heterocyclyl groups.

In compounds of structure II, R'> is selected from H,
substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted het-
erocyclyl groups, —OH, alkoxy groups, aryloxy groups,
—NH,, substituted or unsubstituted heterocyclylalkyl
groups, substituted or unsubstituted aminoalkyl groups, sub-
stituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted alkylamino groups, substituted or unsubstituted
arylamino groups, substituted or unsubstituted dialkylamino
groups, substituted or unsubstituted diarylamino groups,
substituted or unsubstituted (alkyl)(aryl)amino groups,
—C(=0)H, —C(=0)-alkyl groups, —C(=0)-aryl
groups, —C(=0)0-alkyl groups, —C(=0)O-aryl groups,
—C(=0)NH,, —C(=0)NH(alkyl) groups, —C(=0O)NH
(aryl) groups, —C(=0O)N(alkyl), groups, —C(=0O)N(aryl),
groups, —C(=0)N(alkyl)(aryl) groups, —C(=0)-hetero-
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cyclyl  groups, —C(=0)—O0O-heterocyclyl groups,
—C(=0)N Hheterocyclyl) groups, —C(=0O)—N(hetero-
cyclyl), groups, —C(=0O)N(alkyl)(heterocyclyl) groups,
—C(=0)—N(arvyl)(heterocyclyl) groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubsti-
tuted alkoxyalkyl groups, substituted or unsubstituted ary-
loxyalkyl groups, or substituted or unsubstituted heterocy-
clyloxyalkyl groups. R'? and R'® may join together to form
a 5 to 7 membered saturated or unsaturated, substituted or
unsubstituted N-containing ring.

In compounds of structure II, R'* is selected from H,
—OH, alkoxy groups, aryloxy groups, —INH,, —NH(alkyl)
groups, —NH(aryl) groups, —N(alkyl), groups, —N(aryl),
groups, —N(alkyl)(aryl) groups, substituted or unsubsti-
tuted alkyl groups, substituted or unsubstituted aryl groups,
—NH(heterocyclyl) groups, —N(heterocyclyl), groups,
—N{(alkyl)(heterocyclyl) groups, or —N(aryl)(heterocyclyl)
groups.

In compounds of structure II, R™ is selected from sub-
stituted or unsubstituted alkyl groups, substituted or unsub-
stituted aryl groups, substituted or unsubstituted heterocy-
clyl groups, substituted or unsubstituted heterocyclylalkyl
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=0O)NH,, —C(=0O)NH(alkyl) groups,
—C(=0O)NH(aryl) groups, —C(=0O)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituted or unsub-
stituted diarylaminoalkyl groups, substituted or unsubsti-
tuted (alkyl)(aryl)aminoalkyl groups, substituted or unsub-
stituted  heterocyclylaminoalkyl groups, substituted or
unsubstituted diheterocyclylaminoalkyl groups, substituted
or unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups,
substituted or unsubstituted (heterocyclyl)(aryl)aminoalkyl
groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, substituted
or unsubstituted hydroxvalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups.

In compounds of structure II, R'® is selected from H,
substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted
heterocyclyl groups whereas R'7 is selected from H, substi-
tuted or unsubstituted alkyl groups, substituted or unsubsti-
tuted aryl groups, substituted or unsubstituted heterocyclyl
groups, —C(=0)H, —C(=0)-alkyl groups, —C(=0)-
aryl groups, —C(=O)NH,, —C(=0O)NH(alkyl) groups,
—C(=0)NH(aryl) groups, —C(=0)N(alkyl), groups,
—C(=0)N(aryl) groups, —C(=0O)N(alkyl)(aryl) groups,
—C(=0)0-alkyl groups, —C(=0)O-aryl groups, substi-
tuted or unsubstituted aminoalkyl groups, substituted or
unsubstituted alkylaminoalkyl groups, substituted or unsub-
stituted dialkylaminoalkyl groups, substituted or unsubsti-
tuted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (aryl)
(alkyl)aminoalkyl groups, substituted or unsubstituted het-
crocyclylalkyl groups, —C(=0O)-heterocyclyl groups,
—(C(=0)-Oheterocyclyl groups, —C(=0O)NH(heterocy-
clyl) groups, —C(=0)N(heterocyclyl), groups,
—C(=0)—N(alkyl)(heterocyclyl) groups, —C(=0O)N
(aryl)(heterocyclyl) groups, substituted or unsubstituted het-
erocyclylaminoalkyl groups, substituted or unsubstituted
hydroxyalkyl groups, substituted or unsubstituted alkoxy-
alkyl groups, substituted or unsubstituted aryloxyalkyl
groups, substituted or unsubstituted heterocyclyloxyalkyl
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groups, —OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted aryloxy groups, or —NH,
groups. R'® and R'’ may join together to form a 5 to 7
membered saturated or unsaturated, substituted or unsubsti-
tuted N-containing ring.

Finally, in compounds of structure II, R'®, R*°, and R*'
may be the same or diflerent and are independently selected
from H, —NH,, —NH(alkyl) groups, —NH(aryl) groups,
—N(alkyl)2 groups, —N(aryl), groups, —N(alkyl)(aryl)
groups, substituted or unsubstituted alkyl groups, substituted
or unsubstituted aryl groups, —OH, substituted or unsub-
stituted alkoxy groups, substituted or unsubstituted aryloxy
groups, substituted or unsubstituted heterocyclyl groups,
—NHOH, —N(alkyl)OH groups, —N(aryl)OH groups,
—N(alkyl)O-alkyl groups, —N(aryl)O-alkyl groups,
—N(alkyl)O-aryl groups, or —N(aryl)O-aryl groups.

Compounds having the structure II may include those in
which R'® is selected from substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, —INH.,,
—NH(alkyl) groups, —N(alkyl), groups, —NH(aryl)
groups, —N(aryl), groups, —N(alkyl)(aryl) groups, —NH
(heterocyclyl) groups, —N(heterocyclyl)(alkyl) groups,
—N(heterocyclyl)(aryl) groups, —N(heterocyclyl), groups,
or N-containing heterocycles, and the N-containing hetero-
cycles are bonded to the carbonyl carbon of the —C(=0)—
R'® group through either a nitrogen atom or a carbon atom
in the rings of the N-containing heterocycles. In still more
preferred compounds in which R'® is a N-containing het-
erocycle, the N-containing heterocycle of the R'® group is
selected from substituted or unsubstituted morpholine, sub-
stituted or unsubstituted pyrrolidine, substituted or unsub-
stituted piperazine, substituted or unsubstituted piperidine,
substituted or unsubstituted pyrrole, substituted or unsub-
stituted 1midazole, substituted or unsubstituted pyrazole,
substituted or unsubstituted 1,2,3-triazole, substituted or
unsubstituted 1,2.4-triazole, substituted or unsubstituted tet-
razole, substituted or unsubstituted thiomorpholine, substi-
tuted or unsubstituted homopiperazine, substituted or unsub-
stituted oxazolidin-2-one, substituted or unsubstituted
pyrrolidin-2-one, substituted or unsubstituted pyridine, sub-
stituted or unsubstituted oxazole, substituted or unsubsti-
tuted 1soxazole, substituted or unsubstituted thiazole, sub-
stituted or unsubstituted 1sothiazole, substituted or
unsubstituted benzimidazole, substituted or unsubstituted
benzoxazole, or substituted or unsubstituted benzothiazole.

Other preferred compounds having structure II are pro-
vided in which R" or R'’ is selected from substituted or
unsubstituted aminoalkyl groups, substituted or unsubsti-
tuted alkylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted dialky-
laminoalkyl groups, substituted or unsubstituted diarylami-
noalkyl groups, substituted or unsubstituted (alkyl)(aryl)
aminoalkyl groups, or substituted or unsubstituted
heterocyclylaminoalkyl groups including: —CH,(CH,),
NH, groups, —CH,(CH,),NH(alkyl) groups, —CH,(CH,),
N'{(aryl) groups, —CHZ(CHZ) N(alkyl), groups, —CH
(CH,) N(aryl), groups, —CH (CH ), N(alkyl)(aryl) groups
or —CHZ(CHz) (heterocyclyl) groups, where p 1s an integer
ranging from O to 4 and the heterocyclyl group of the
—CH,(CH, ), (heterocyclyl) group 1s a N-containing hetero-
cycle selected from substituted or unsubstituted morpholine,
substituted or unsubstituted pyrrolidine, substituted or
unsubstituted piperazine, substituted or unsubstituted pip-
eridine, substituted or unsubstituted pyrrole, substituted or
unsubstituted 1imidazole, substituted or unsubstituted pyra-
zole, substituted or unsubstituted 1,2,3-triazole, substituted
or unsubstituted 1,2.4-triazole, substituted or unsubstituted
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tetrazole, substituted or unsubstituted thiomorpholine, sub-
stituted or unsubstituted homopiperazine, substituted or
unsubstituted oxazolidin-2-one, substituted or unsubstituted
pyrrolidin-2-one, substituted or unsubstituted pyridine, sub-
stituted or unsubstituted oxazole, substituted or unsubsti-
tuted 1soxazole, substituted or unsubstituted thiazole, sub-
stituted or unsubstituted 1sothiazole, substituted or
unsubstituted benzimidazole, substituted or unsubstituted
benzoxazole, or substituted or unsubstituted benzothiazole.

Compounds of structure I are readily synthesized from
simple starting molecules as shown in the following
Examples. Compounds of structure I may generally be
prepared using benzene substituted with mitrile or carboxylic
acid groups 1n addition to other optional groups.

Compounds of structure I may be synthesized from
simple starting molecules as shown in Schemes 1-4 and
exemplified 1mn the Examples. As shown in Scheme 1,
compounds of structure I may generally be prepared using
aromatic compounds substituted with amines and carboxylic
acid groups.

Scheme 1.
CO>H
.,-\ .
H>N
/\ CO,H 2N @
‘ SN
F NH H,N _
heat
CO>Me
O
—\ R
DY
OH N7\ /
R |
ﬁ/\ - g
S \N 5
H
As shown 1n Scheme 1, a substituted aromatic compound
such as a substituted or unsubstituted 2-aminobenzoic acid

may be reacted with an acyl halide such as methyl 2-(chlo-
rocarbonyl)acetate to produce an amide that will react with
a substituted or unsubstituted 1.,2-diaminobenzene. The

resulting product 1s a 4-hydroxy-substituted compound of
structure 1. One skilled 1n the art will recognize that the
procedure set forth in Scheme 1 may be modified to produce
various compounds.

A method for preparing 4-amino substituted compounds
of structure I 1s shown 1n Scheme 2. As shown 1n Scheme 2,
aromatic compounds substituted with amine and mtrile
groups may be used to synthesize 4-amino substituted
compounds of structure 1. A compound such as ethyl 2-cy-
anoacetate may be reacted with ethanol to produce ethyl
3-ethoxy-3-iminopropanoate hydrochlornide. Subsequent
reaction with a substituted or unsubstituted 1,2-phenylene-
diamine provides substituted or unsubstituted ethyl 2-ben-
zimidazol-2-ylacetate. Reaction of a substituted or unsub-
stituted ethyl 2-benzimidazol-2-ylacetate with an aromatic
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compound having an amine and nitrile group such as sub-
stituted or unsubstituted 2-aminobenzonitrile with a base
such as lithium bis(trimethylsilyl)amide or a Lewis acid
such as tin tetrachloride provides the substituted or unsub-
stituted 4-amino substituted compound of structure 1.

Scheme 2.
Q
£O HCl
RJ‘
LN
| b
QO NHeHCI
).I\/U\ HzN /
Jhn=-
heat
EtO OFLt
R
CN
‘\K//\/
N\
N AN NH,
</ ‘ LiHMDS
o o
or
EtO,C g F SnCly

Scheme 3 illustrates a general synthetic route that allows
for the synthesis of 4-dialkylamino and 4-alkylamino com-
pounds of structure I. An inspection of Scheme 3 shows that
4-hydroxy substituted compounds of structure 1 may be
converted into the 4-chloro denvative by reaction with
phosphorous oxychloride or thionyl chloride. The 4-chloro
derivative may then be reacted with an alkylamine or

dialkylamine to produce the corresponding 4-alkylamino or

4-dialkylamino denivative. Deprotection affords the final
4-alkylamino or 4-dialkylamino compounds of structure 1.
Other groups that may be reacted with the 4-chloro deriva-

tive 1n this manner include, but are not limited to, ROH,
RSH, and CuCN.

Scheme 3.
O
)‘I\/CN EtOH""
RO HCI
H->N
AN /*-}A
O NH-HCI /‘ /

EtO/“\)J\OEt

heat
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-continued
O
R
ﬂ""\ X O
//N AN F %J/J\O
Y :
/ \ P~ LiHMDS; heat
EtO,C E (P = protecting group)

POCl;
or
SOCl,
— R’
A
N /
R"NH,
Fi-
R
T\/\ NN g deprotect _
\/\F 0O
—_ R’

As shown in Scheme 4, the synthesis of compounds of
structure I having a H, alkyl group, aryl group, or hetero-
cyclyl group 1n the 4-position may be accomplished using a
substituted or unsubstituted 2-benzimidazol-2-ylacetate pre-
pared as shown i1n Schemes 2 and 3.

Scheme 4.
Ii-\ \ COR”
/ </ ‘ —QR’ N -
piperidine
EtO,C g"’#\/ HOAc
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-continued
— ]1lr
P
RH N \ / 5
R |
y N o N
H
R" =H, alkyl
aryl, heterocyclyl
Heteroaromatic diamines may be used as precursors of
compounds of structure II. The synthesis of compounds of 15
structure II where Y=NH, 1s depicted in Scheme 5.
Scheme 5.

Rn’
NH
Il /\/\/ 2 Heat l\i
)‘\/CN T ‘ - NC\)\
- \N’/\NH i
2
0
)I\/ CN
BtO
==\ R
\ /> LIEMDS
0O N N
N
| R N
N T
EtO H /

A compound such as ethyl cyanoacetate may be con-
densed with a substituted or unsubstituted heterocycle con-
taining two ortho amino groups such as substituted or
unsubstituted 1,2-diaminopyridine to obtain a substituted or
unsubstituted 2-imidazolo[5,4-b]pyridin-2-ylethanenitrile,
which may subsequently be hydrolyzed 1n acidic medium to
provide a substituted or unsubstituted ethyl 2-imidazolo|5,
4-b]pynidin-2-ylacetate. As an alternate route, a substituted
or unsubstituted ethyl 2-1midazolo[5,4-b]pyridin-2-ylacetate
may be obtained from a compound such as the hydrochlo-
ride salt of 3-ethoxy-3-iminopropanoate and a substituted or
unsubstituted 1,2-diaminopyridine. Reaction of a substituted
or unsubstituted ethyl 2-1midazolo[3,4-b]pyridin-2-ylac-
ctates with an aromatic compound having an amine and
nitrile group such as substituted or unsubstituted 2-ami-
nobenzonitrile with a base such as lithium bis(trimethylsilyl)
amide provides the substituted or unsubstituted compound
ol structure I1I.

...-———/R’
N/
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The instant invention also provides for compositions
which may be prepared by mixing one or more compounds

of the instant invention, or pharmaceutically acceptable salts
or tautomers thereof, with pharmaceutically acceptable car-
riers, excipients, binders, diluents or the like, to treat or
ameliorate a variety of disorders related to the activity of
VEGF-RTK, more particularly angiogenesis associated with
cancer. A therapeutically effective dose turther refers to that
amount of one or more compounds of the instant mnvention
suflicient to result 1n amelioration of symptoms of the
disorder. The pharmaceutical compositions of the instant
invention can be manufactured by methods well known 1n
the art such as conventional granulating, mixing, dissolving,
encapsulating, lyophilizing, emulsiiying or levigating pro-
cesses, among others. The compositions can be 1n the form
of, for example, granules, powders, tablets, capsules, syrup,

—\ R
N~

[ICl, BtOH O I‘i \ j
-
2 )‘l\/l‘\
EtO B

R.’

EtOH heat @/\/

X
s
N/\

O NHeHCI

o )J\/“\
-
HC FtO OFt
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suppositories, 1mnjections, emulsions, elixirs, suspensions or
solutions. The stant compositions can be formulated for
vartous routes of administration, for example, by oral
administration, by transmucosal administration, by rectal
administration, or subcutaneous administration as well as
intrathecal, intravenous, intramuscular, intraperitoneal,
intranasal, intraocular or intraventricular injection. The com-
pound or compounds of the instant mvention can also be
administered 1n a local rather than a systemic fashion, such
as 1jection as a sustained release formulation. The follow-
ing dosage forms are given by way of example and should
not be construed as limiting the nstant imvention.

For oral, buccal, and sublingual administration, powders,
suspensions, granules, tablets, pills, capsules, gelcaps, and
caplets are acceptable as solid dosage forms. These can be
prepared, for example, by mixing one or more compounds of
the instant invention, or pharmaceutically acceptable salts or
tautomers thereof, with at least one additive or excipient
such as a starch or other additive. Suitable additives or



US 7,335,774 B2

S7

excipients are sucrose, lactose, cellulose sugar, mannitol,
maltitol, dextran, sorbitol, starch, agar, alginates, chitins,
chitosans, pectins, tragacanth gum, gum arabic, gelatins,
collagens, casein, albumin, synthetic or semi-synthetic poly-
mers or glycerides, methyl cellulose, hydroxypropylmethyl-
cellulose, and/or polyvinylpyrrolidone. Optionally, oral dos-
age lorms can contain other ingredients to aid 1n
administration, such as an 1nactive diluent, or lubricants
such as magnesium stearate, or preservatives such as para-
ben or sorbic acid, or anti-oxidants such as ascorbic acid,
tocopherol or cysteine, a disintegrating agent, binders, thick-
eners, bullers, sweeteners, flavoring agents or perfuming
agents. Additionally, dyestulls or pigments may be added for
identification. Tablets and pills may be further treated with
suitable coating materials known 1n the art.

Liquid dosage torms for oral administration may be 1n the
form of pharmaceutically acceptable emulsions, syrups,
clixirs, suspensions, slurries and solutions, which may con-
tain an 1nactive diluent, such as water. Pharmaceutical
formulations may be prepared as liquid suspensions or
solutions using a sterile liquid, such as, but not limited to, an
o1l, water, an alcohol, and combinations of these. Pharma-
ceutically suitable surfactants, suspending agents, emulsity-
ing agents, may be added for oral or parenteral administra-
tion.

As noted above, suspensions may include oils. Such o1l
include, but are not limited to, peanut oil, sesame oil,
cottonseed o1l, corn o1l and olive o1l. Suspension preparation
may also contain esters of fatty acids such as ethyl oleate,
1sopropyl myristate, fatty acid glycenides and acetylated
fatty acid glycerides. Suspension formulations may include
alcohols, such as, but not limited to, ethanol, 1sopropyl
alcohol, hexadecyl alcohol, glycerol and propylene glycol.

Ethers, such as but not limited to, poly(ethyleneglycol),
petroleum hydrocarbons such as mineral o1l and petrolatum;
and water may also be used in suspension formulations.

For nasal administration, the pharmaceutical formulations
may be a spray or aerosol containing and appropriate
solvents and optionally other compounds such as, but not
limited to, stabilizers, antimicrobial agents, antioxidants, pH
modifiers, surfactants, bioavailability modifiers and combi-
nations of these. A propellant for an aerosol formulation may
include compressed air, nitrogen, carbon dioxide, or a
hydrocarbon based low boiling solvent. The compound or
compounds of the instant invention are conveniently deliv-
ered 1n the form of an aerosol spray presentation from a
nebulizer or the like.

Injectable dosage forms generally include aqueous sus-
pensions or o1l suspensions which may be prepared using a
suitable dispersant or wetting agent and a suspending agent.
Injectable forms may be in solution phase or in the form of
a suspension, which 1s prepared with a solvent or diluent.
Acceptable solvents or vehicles include sterilized water,
Ringer’s solution, or an isotonic aqueous saline solution.
Alternatively, sterile oils may be employed as solvents or
suspending agents. Preferably, the o1l or fatty acid 1s non-
volatile, including natural or synthetic oils, fatty acids,
mono-, di- or tri-glycernides.

For injection, the pharmaceutical formulation may be a
powder suitable for reconstitution with an appropriate solu-
tion as described above. Examples of these include, but are
not lmmited to, freeze dried, rotary dried or spray dried
powders, amorphous powders, granules, precipitates, or
particulates. For mjection, the formulations may optionally
contain stabilizers, pH modifiers, surfactants, bioavailability
modifiers and combinations of these. The compounds may
be formulated for parenteral administration by 1njection such
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as by bolus ijection or continuous infusion. A unit dosage
form for injection may be in ampoules or in multi-dose
containers.

For rectal administration, the pharmaceutical formula-
tions may be in the form of a suppository, an ointment, an
enema, a tablet or a cream for release of compound 1n the
intestines, sigmoid tlexure and/or rectum. Rectal supposito-
ries are prepared by mixing one or more compounds of the
instant invention, or pharmaceutically acceptable salts or
tautomers of the compound, with acceptable vehicles, for
example, cocoa butter or polyethylene glycol, which 1is
present 1n a solid phase at normal storing temperatures, and
present 1n a liquid phase at those temperatures suitable to
release a drug inside the body, such as 1n the rectum. Oils
may also be employed in the preparation of formulations of
the soit gelatin type and suppositories. Water, saline, aque-
ous dextrose and related sugar solutions, and glycerols may
be employed 1n the preparation of suspension formulations
which may also contain suspending agents such as pectins,
carbomers, methyl cellulose, hydroxypropyl cellulose or
carboxymethyl cellulose, as well as buflers and preserva-
tives.

Besides those representative dosage forms described
above, pharmaceutically acceptable excipients and carries
are generally known to those skilled in the art and are thus
included 1n the instant invention. Such excipients and car-
riers are described, for example, 1n “Remingtons Pharma-
ceutical Sciences” Mack Pub. Co., New lJersey (1991),
which 1s incorporated herein by reference.

The formulations of the invention may be designed for to
be short-acting, fast-releasing, long-acting, and sustained-
releasing as described below. Thus, the pharmaceutical
formulations may also be formulated for controlled release
or for slow release.

The istant compositions may also comprise, for example,
micelles or liposomes, or some other encapsulated form, or
may be administered 1n an extended release form to provide
a prolonged storage and/or delivery eflect. Therefore, the
pharmaceutical formulations may be compressed into pellets
or cylinders and implanted intramuscularly or subcutane-
ously as depot injections or as implants such as stents. Such
implants may employ known inert materials such as sili-
cones and biodegradable polymers.

Specific dosages may be adjusted depending on condi-
tions of disease, the age, body weight, general health con-
ditions, sex, and diet of the subject, dose 1ntervals, admin-
istration routes, excretion rate, and combinations of drugs.
Any of the above dosage forms containing eflective amounts
are well within the bounds of routine experimentation and
therefore, well within the scope of the instant invention.

A therapeutically eflective dose may vary depending upon
the route of administration and dosage form. The preferred
compound or compounds of the instant mmvention 1s a
formulation that exhibits a high therapeutic index. The
therapeutic index 1s the dose ratio between toxic and thera-
peutic ellects which can be expressed as the ratio between
LD_ and EDs,. The LDs, 1s the dose lethal to 50% ot the
population and the ED. 1s the dose therapeutically effective
in 50% of the population. The LD., and ED., are deter-
mined by standard pharmaceutical procedures in animal cell
cultures or experimental animals.

“Treating” within the context of the instant invention,
means an alleviation of symptoms associated with a disorder
or disease, or halt of further progression or worsening of
those symptoms, or prevention or prophylaxis of the disease
or disorder. For example, within the context of treating

patients 1n need of an nhibitor of VEGF-RTK, successtul
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treatment may include a reduction in the proliferation of
capillaries feeding a tumor or diseased tissue, an alleviation
of symptoms related to a cancerous growth or tumor, pro-
liferation of capillaries, or diseased tissue, a halting in
capillary proliferation, or a halting in the progression of a
disease such as cancer or 1n the growth of cancerous cells.
Treatment may also include administering the pharmaceu-
tical formulations of the present invention in combination
with other therapies. For example, the compounds and
pharmaceutical formulations of the present invention may be
administered before, during, or after surgical procedure
and/or radiation therapy. The compounds of the mmvention
can also be administered in conjunction with other anti-
cancer drugs including those used in antisense and gene
therapy.

A method of treating a patient in need of an inhibitor of
vascular endothelial growth factor receptor tyrosine kinase
includes administering an effective amount of a pharmaceu-
tical formulation according to the invention to a patient in
need thereol.

A method for inhibiting tumor growth in a patient
includes administering an effective amount of the compound
or a pharmaceutically acceptable salt thereof to a patient
having a tumor.

A method for inhibiting the proliferation of capillaries 1in
a patient includes administering an eflective amount of the
compound or a pharmaceutically acceptable salt thereof
according to a patient in need.

A method of preparing pharmaceutical formulations
includes mixing any of the above-described compounds with

a pharmaceutically acceptable carrier and water or an aque-
ous solution.

The present invention, thus generally described, will be
understood more readily by reference to the following
examples, which are provided by way of illustration and are
not intended to be limiting of the present invention.

EXAMPLES

The following abbreviations are used 1n the Examples:

ATP: Adenosine triphosphate

BSA: Bovine Serum Albumin

DMA: N,N-Dimethylacetamide

DME: N,N-Dimethylformamide

dppf: 1,1'(diphenylphosphino)ferrocene

DTT: DL-Dithiothreitol

EDTA: Ethylene diamine tetraacetic acid

EtOAc: Ethyl acetate

EtOH: Ethanol

HBTU: O-Benzotriazol-1-yl-N,N,N',N'-tetramethyluronium
hexafluorophosphate

IC5, value: The concentration of an mhibitor that causes a 50%
reduction 1in a measured activity.

LIHMDS: Lithium bis(trimethylsilyl)amide

MeOH: Methanol

NMP: N-methylpyrrolidone

THE: Tetrahydrofuran

The compounds were named using Nomenclator (v. 3.0 &
v. 5.0) from Cmemlnovation Software, Inc. and ACD/Name
v. 4.53.

The various aryl diamine starting materials used to syn-
thesize benzimidazole acetates may be obtained from com-
mercial sources, prepared by methods know to one of skall

in the art, or prepared by the following general Methods
1-15.
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Method 1
F NH;
NO NH
N Z ‘ AN 2
F/ P R’RN/ P

2.,4-Difluoronitrobenzene (1.0 eq) was placed 1n a dry
round-bottomed flask equipped with a dry ice condenser
charged with acetone and dry 1ce. Ammoma was condensed
into the flask and the resulting solution was stirred at reflux
for 7 hours. A yellow precipitate formed within 1 hour. After
7 hours, the condenser was removed and the liquid ammonia
was allowed to evaporate over several hours. The crude
product was purified by flash chromatography on silica gel

(85:15 hexanes:ethyl acetate, product at R, =0.32, contami-
nant at R =0.51); GC/MS m/z 156.1 (M+), R, 11.16 minutes.

The resulting 5-fluoro-2-nitrophenylamine (1.0 eq) and an
amine (1.1 eq) e.g. N-methyl piperazine, were dissolved 1n
NMP and triethylamine (2.0 eq) was added. The reaction
mixture was heated at 100° C. for 3 hours. The solution was
then cooled to room temperature and diluted with water. The
resulting precipitate was filtered and dried under vacuum to
provide the 2-nitro-diamino product. Alternatively, the same
product may be obtamned from commercially available
S-chloro-2-nitrophenylamine under 1dentical conditions
except heating at 130° C. for 1-2 days. In some examples,
the displacement on either 3-fluoro-2-nitrophenylamine or
S-chloro-2-nitrophenylamine can be conducted 1n neat
amine (5 eq) at 100° C. or 130° C., respectively. The product
1s 1solated 1n an 1dentical manner. LC/MS m/z 237.1 (MH+),
R, 1.304 minutes.

The nmitroamine (1.0 eq) and 10% Pd/C (0.1 eq) was
suspended 1n anhydrous ethanol at room temperature. The
reaction flask was evacuated and subsequently filled with
H,. The resulting mixture was then stirred under a hydrogen
atmosphere overnight. The resulting solution was filtered

through Celite and concentrated under vacuum to provide
the crude product which was used without further purifica-
tion.

Method 2
N02 NH2
NI, NI,
A AN
P . S .
b NRR'

A round-bottom flask was charged with 2,3-difluoro-6-
nitrophenylamine (1 eq) and enough NMP to make a viscous
slurry. An amine (5 eq), e.g. N-methyl piperazine, was added
and the solution was heated at 100° C. After 2 hours, the
solution was cooled and poured 1nto water. A bright yellow
solid formed which was filtered and dried. The nitroamine

was reduced as 1n Method 1 to provide the crude product
which was used without further purification. LC/MS m/z
225.1 (MH+), R, 0.335 minutes.
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Method 3
NO, NH,
F ‘ ] RwRN\‘ M
/ /

To a 0.1 M DMF solution of 1,3-difluoro-2-nitrobenzene
was added Et N (2 eq) followed by an amine (1 eq), e.g.
morpholine. The mixture was stirred for 18 hours and then
diluted with water and extracted with ethyl acetate. LC/MS
m/z 227.2 ((MH+), R, 2.522 minutes. The combined organic
layers were dried over MgSQO,, filtered, and concentrated.
Ammonia was condensed into a bomb containing the crude
product. The bomb was sealed and heated to 100° C. (over
400 ps1). After 72 hours the bomb was allowed to cool and
the ammonia was evaporated to provide a reddish solid. The
nitroamine was reduced as in Method 1 to provide the crude
product which was used without further punification. LC/MS

m/z 194.1 (MH+), R, 1.199 minutes.

NH2 NH2

NO, NH,

b RO

To a stirred NMP solution containing NaH (1.3 eq) was
added an alcohol (1.0 eq), e.g. 2-methyloxyethanol. The
resulting mixture was then stirred for 30 minutes. A slurry of
S-fluoro-2-nitrophenylamine 1n NMP was then added
slowly. The mixture was then heated to 100° C. After 2
hours, the reaction mixture was cooled and water was added.
The mixture was then filtered and the captured solid was
washed with water and purified by silica gel chromatogra-
phy (1:1 ethyl acetate:hexane). LC/MS m/z 213.2 (MH+), R,
2.24 minutes. The nitroamine was reduced as in Method 1 to

provide the crude product which was used without further
purification. LC/MS m/z 183.1 (MH+), R, 0.984 minutes.

Method 5
NH2 NH2
‘)\ _NO; ‘ N NH,
HO/ A RO/ Z

Disopropyl azodicarboxylate (1.1 eq) was added drop-
wise to a stirred solution of 4-amino-3-nitrophenol (1.0 eq),
triphenylphosphine (1.1 eq), and an alcohol, e.g. N-(2-
hydroxyethyl)morpholine (1.0 eq), 1n tetrahydrofuran at 0°
C. The mixture was allowed to warm to room temperature
and stirred for 18 hours. The solvent was evaporated, and the
product was purified by silica gel chromatography (98:2
CH,Cl,:methanol) to yield 4-(2-morpholin-4-ylethoxy)-2-
nitrophenylamine as a dark reddish-brown oi1l. LC/MS m/z
268.0 (MH+), R, 1.01 minutes. The nitroamine was reduced
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as 1n Method 1 to give the crude product which was used

without further purification. LC/MS m/z 238.3 (MH+), R,
0.295 minutes.

Method 6
NH, NI,
NO NO
X 2 X 2
| " "
/ /
OH O
n Br
NH2 NH2
NO, NH,
—_—
O O
\411/.\ NRR’ \1*41/\ NRR!

To a flask charged with 4-amino-3-nitrophenol (1 eq),
K CO; (2 eq), and 2-butanone was added an alkyl dibro-
mide, e.g. 1,3-dibromopropane (1.5 eq). The resulting mix-
ture was then heated at 80° C. for 18 hours. After cooling,
the mixture was filtered, concentrated, and diluted with
water. The solution was then extracted with CH,Cl, (3x) and

the combined organic layers were concentrated to give a
solid that was then washed with pentane. LCMS m/z 275.1

(MH+), R, 2.74 minutes.

An acetonitrile solution of the bromide prepared above,
an amine, e.g. pyrrolidine (5 eq), Cs,CO, (2 eq) and Bu,NI
(0.1 eq) was heated at 70° C. for 48 hours. The reaction
mixture was cooled, filtered, and concentrated. The residue
was dissolved in CH,Cl,, washed with water, and concen-
trated to give the desired nitroamine, 2-nitro-4-(3-pyrroli-
din-1-ylpropoxy)phenylamine. LCMS m/z 266.2 (MH+), R,
1.51 minutes. The nitroamine was reduced as 1n Method 1 to
provide the crude product which was used without further
purification.

Methad 7
NI, NI,
NO, )\ NI,
NT X NT XYy
Cl NR'R

To a suspension of 6-chloro-3-nitropyridin-2-amine (1 eq)
in acetonitrile was added an amine, ¢.g. morpholine (4 eq).
The resulting reaction mixture was stirred at 70° C. for 5
hours. The solvent was evaporated under reduced pressure,
and the residue triturated with ether to provide the desired
compound as a bright yellow powder. LC/MS m/z 225.0
(MH+), R, 1.79 minutes. The nitroamine was reduced as 1n
Method 1 to provide the crude product which was used
without further purification.
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Method 8
NO,
/OH N DMF _
Ar K,CO5
Cl NH,
NO
/\/ 2
]
\O /\/\NH2

A phenol (1 equivalent) and 5-chloro-2-nitro aniline (1
equivalent) were dissolved in DMF, and solid K,CO, (2
equivalents) was added 1n one portion. The reaction mixture
was heated at 120° C. overnight. The reaction mixture was
cooled to room temperature, most of the DMF was distilled
ofl, and water was added to the residue to obtain a precipi-
tate. The solid was dried and purified by chromatography on
silicagel (2-10% MeOH/CH,Cl,) to atford the desired prod-
uct. The nitroamine was reduced as 1n method 1 to give the
crude product that was used without further purification.

Method 9
0
NH, N 1. KOH
| OMe 5 R R,NH
T
YO R
\/\N 0
H
0
NH, N
| NRR,
Yy
\/\N 0
H

Furthermore, the introduction of substituents on the ben-
zimidazole ring need not be limited to the early stages of the
synthesis and may arise after formation of the quinolinone
ring. For example, the crude methyl ester shown 1n the figure
above was dissolved 1in a 1:1 mixture of EtOH and 30%
aqueous KOH and stirred overnight at 70° C. The reaction
mixture was then cooled and acidified with 1N HCI to give
a precipitate. The solid was filtered, washed with water and
dried to obtamn 2-(4-amino-2-0xo-1,2-dihydroquinolin-3-
y1)-1H-benzimidazole-6-carboxylic acid 2-(4-amino-2-0xo-
3-hydroquinolyl)benzimidazole-6-carboxylic acid as a
brown solid. LC/MS m/z: 321.1 (MH+), R, 2.26 minutes.

A mixture of 2-(4-amino-2-oxo0-1,2-dihydroquinolin-3-
y1)-1H-benzimidazole-6-carboxylic acid (1 eq) the amine (1
eq), EDC (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride, 1.2 eq), HOAT (1-hydroxy-7-azabenzotriaz-

ole, 1.2 eq) and triethylamine (2.5 eq) in DMF, was stirred
at 23° C. for 20 h. The reaction mixture was partitioned
between water and ethyl acetate. The combined organic
layers were dried (Na,SO,) and concentrated. Water was
added and the precipitate thus formed was filtered off and
dried to aflord the desired product.
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The various 2-amino benzoic acid starting materials used
to synthesize 1satoic anhydrides may be obtained from
commercial sources, prepared by methods know to one of
skill 1n the art, or prepared by the following general Methods

10-11. General 1satoic anhydride synthesis methods are
described 1 J. Med. Chem. 1981, 24 (6), 735 and J.

Heterocycl. Chem. 1975, 12(3), 563.

‘ 1. NaNO,
o

/\/NHQ
AN

MeO/ \/\NO

(-

‘ H,S0,
o

N
N

\

\/\N02

MeO

P

‘ 10% Pd/C_
NH,OH, 50 C.
MO \/\Noz

CO>H
Bn(Me);NBr3
Je-
CaCO3, DCM, MeOH

NH,

Br CO,H

MeO NH,

Compounds 1-3 were made using similar procedures as
found 1n U.S. Pat. No. 4,287,341. Compound 3 was reduced
using standard hydrogenation conditions of 10% Pd/C i
NH_,OH at 50° C. over 48 hours. The product was precipi-
tated by neutralizing with glacial acetic acid, filtering, and
washing with water and ether. Yields were about 30%.

Compound 5 was prepared in a manner similar to that
disclosed 1n U.S. Pat. No. 5,716,993.

Method 11

1. Iodine,
AgZSO-ﬁH

I CO,H
EtOH \/\/

- \
~NaOH 3N

. ag. HCI o \/\NH2

CO,Me

d [~

Cl NH,

1. Iodine,
AgZSoil-:

EtOH Z

s
. NaOH 3N ‘

. aq. HCI X

CO,Me

\

ad 2

/

NH,
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-continued

1. Iodine,
AgrS0y, I
EtOH

F-
NaOH 3N

" ag. HCI
F X \NH2 = F

CO>Me CO,H

e

L 1

NH,

Iodination of aniline containing compounds: Iodination
was done by a similar procedure as 1n J. Med. Chem. 2001,
44, 6, 917-922. The anthranilic ester in EtOH was added to
a mixture of silver sulfate (1 equivalent) and I, (1 equiva-
lent). The reaction was typically done after 3 hours at room
temperature. The reaction was filtered through celite and
concentrated. The residue was taken up in EtOAc and
washed with aqueous saturated NaHCO, (3x), water (3x),
brine (1x), dried (MgSQO,), filtered, and concentrated. The
crude product (-5 g) was dissolved 1n MeOH (60-100 ml),
NaOH 6N (25 ml), and water (250 ml). The reactions were
typically done after heating at 70-80° C. for 4 hours. The
reaction mixture was extracted with EtOAc (2x), neutralized
with aqueous HCI, filtered to collect the solids, and the solid
products were washed with water. The products were dried
In vacuo.

In various 1nstances, substitutions on the quinolinone ring
may also be introduced after coupling as shown in the
general methods 12-15.

Pd, Cul, CO

HO,C

X =1 Br, T{O

Conversion of the C-6 or C-7 halides to an acid group was

accomplished using procedures in the following refer-
ences—Koga, H.; et al., Tet. Let., 1995, 36, 1, 87-90 and
Fukuyama, T.; et al., J. Am. Chem. Soc., 1994, 116, 3125-
3126.

Pd, KCN or NaCN _
Cul, THF
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-continued
NHR N
NC /
- /\‘ \ N
H
\/\N 0
H
X =1, Br, TfO
Conversion of the C-6 or C-7 halides to a cyano group

was accomplished using procedures 1n the following refer-

ence—Anderson, B. A.; et al., J. Org. Chem., 1998, 63,
8224-828.

Method 14
NHR N Pd{(dppD)Cl,/
/ Cl,CH,
X o
AN V4 e
H Y
\_/
T}% O Y = B(OH), or
Sn(nBu)s
Z
X ‘
AN
X =1, Br, THO

Conversion of the C-6 or C-7 halides to an aryl group was
accomplished using standard Suzuki or Stille procedures
such as described below.

Suzuki Method: To a 1 dram (4 ml) vial was added
sequentially the quinolone (1 equivalent), boronic acid (1.2-
1.5 equivalents), Pd(dppi)Cl,. Cl,CH, (0.2 equivalents),
DMF (0.5-1 ml) and TEA (4 equivalents). The reaction was
flushed with argon, capped and heated at 85° C. for 12 hours.

Once done, the reaction 1s cooled to room temperature, and
filtered with a syringe filter disk. The clear solution 1s then

neutralized with TFA (a couple of drops) and imjected

directly onto a preparative HPLC. The products are lyo-
philized to dryness.

Stille Method: To a 1 dram (4 ml) vial was added
sequentially the quinolone (1 equivalent), tin reagent (1.8
equivalent), Pd(dpp1)Cl,. CI,CH, (0.2 equivalents), and
DMF (0.5-1 ml). The reaction was flushed with argon,
capped and heated at 60-85° C. for 4 hours. Once done, the
reaction 1s cooled to room temperature, and filtered with a
syringe {ilter disk. The clear solution 1s then neutralized with
TFA (a couple of drops) and injected directly onto a pre-
parative HPLC. The products are lyophilized to dryness.
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Method 15
NHR N

X /

S~ N X X N R—YH_

‘ T NMP
M~ 90-95 C.
18 h

5 \/\E 5

X, X' =F,ClI
Y =NH, O, 5

A dihaloguinolone such as a difluoroquinolone (12-15
mg) was placed 1n a 1 dram (2 ml) vial. NMP (dry and
pre-purged with argon for 5 minutes) was added to the vial
(0.5 ml). The amine reagent (40-350 mg) was added next. If
the amine was an HCIl salt, the reaction was neutralized with
TEA (~1.2-1.5 equvalents). The reaction was purged again
with argon for about 5 seconds, and immediately capped.

The reaction was typically heated in a heating block at
90-95° C. for 18 hours. The reaction was followed by HPLC

or LCMS. After taking samples for HPLC, the vial was
purged with argon again and capped. Some coupling part-
ners took 24 or 48 hours to reach completion. Less nucleo-
philic amines like pyrrole required the addition of a strong
base to reach completion. In these cases, cesium carbonate
(2 equivalents based on the amine used) was added to the
reaction. Once done, the reaction was cooled to room
temperature, and filtered with a syringe filter disk. The clear
solution was then neutralized with TFA (a couple of drops)
and 1njected directly onto a preparative HPLC. The products
were lyophilized to dryness.

Example 1

Ethyl 2-benzimidazol-2-ylacetate

A solution of 1,2-phenylenediamine (1.0 eq) and ethyl
3-ethoxy-3-iminopropanoate hydrochloride (1.3 eq) 1n etha-
nol was stirred at 90° C. overnight. The reaction was cooled
to room temperature and the solvent was removed 1n vacuo.
Water and CH,Cl, were added to the residue. The organic
layer was separated, dried over Na,SO, and the solvent

removed. The solid recovered was used without purification.
LC/MS m/z 205.2 (MH+), R, 1.44 minutes.

5-(4-Methylpiperazinyl)-2-nitrobenzenecarbonitrile

S-Fluoro-2-nitrobenzenecarbonitrile (1.02 eq) and N-me-
thylpiperazine (1.0 eq) were dissolved in NMP. Trethy-
lamine (2.1 eq) was added, and the resulting solution heated
at 100° C. for 1 hour. The solution was cooled to room
temperature and poured into H,O. A precipitate formed
which was filtered to yield the desired product as a green

solid. LC/MS m/z 24°7.3 (MH+), R, 1.46 minutes.
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2-Amino-5-(4-methylpiperazinyl)benzenecarbonitrile

5-(4-Methylpiperazinyl)-2-mtrobenzenecarbonitrile (1.0
eq) was dissolved in EtOAc. The flask was purged with
nitrogen, and 10% Pd/C (0.1 eq) was added. The flask was
evacuated and purged with H, three times. The resulting
mixture was stirred for three days at room temperature. The

mixture was filtered through Celite and the filter pad was
washed with EtOAc. "

T'he solvent was removed 1n vacuo to
give a yellow solid which was purified by silica gel chro-

matography (5:1:95 MeOH:Et;N:EtOACc) to give the desired
product as a yellow solid. LC/MS m/z 217.3 (MH+), R, 0.95

minutes.

Method A

4- Amino-3-benzimidazol-2-yl-6-(4-methylpiperazi-
nyl)hydroquinolin-2-one

Ethyl 2-benzimidazol-2-ylacetate (1.1 eq) and 2-amino-
S-(4-methylpiperazinyl)benzenecarbonitrile (1.0 eq) were
dissolved 1n 1,2-dichloroethane, and then SnCl, (11 eq) was
added. The mixture was heated at reflux overnight. Upon
cooling, the mixture was concentrated 1n vacuo. NaOH (3
M) was added to the solid, and the mixture heated at 80° C.
for 0.5 hours. The solid was filtered and washed sequentially
with H,O, CH,Cl,, and acetone. LC/MS 1ndicated that the
product was present 1n the acetone layer and the solid. These
fractions were combined and purified by silica gel chroma-
tography (5-10% MeOH 1n CH,CI, with 1% Et;N) to give
the desired product. LC/MS m/z 3754 (MH+), R, 1.65
minutes.

Example 2

6-Amino-2-(2-morpholin-4-ylethoxy)benzenecarbo-
nitrile

4-(Hydroxyethyl)morpholine (1.02 eq) was added to NaH
(1.2 eq) in NMP. After 10 minutes, 6-amino-2-fluoroben-
zenecarbonitrile (1.0 eq) was added in NMP. The resulting
mixture was heated at 100° C. for 1 hour. The mixture was
then cooled and poured into H,O. The aqueous layer was
extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,SQO,, filtered, and con-
centrated 1n vacuo to a vyield a brown gum. The crude

material was purified by silica gel chromatography (5:1:95
MeOH:Et;N:EtOAc) to give the desired product. LC/MS
m/z 248.3 (MH+), R, 1.26 minutes.

4-Amino-3-benzimidazol-2-yl-5-(2-morpholin-4-
ylethoxy)hydroquinolin-2-one

The title compound was synthesized as described 1n
Example 1, Method A using 6-amino-2-(2-morpholin-4-
ylethoxy)benzenecarbonitrile. LC/MS m/z 406.4 (MH+), R
1.67 minutes.

A

Example 3
4-(2-Morpholin-4-ylethoxy)-2-nitrophenylamine

Diisopropyl azodicarboxylate (1.1 eq) was added drop-
wise to a stirred solution of 4-amino-3-nitrophenol (1.0 eq),
triphenylphosphine (1.1 eq), and N-(2-hydroxyethyl)mor-
pholine (1.0 eq), in THF at 0° C. The mixture was allowed
to warm to room temperature and lett to stir for 18 hours.
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The solvent was evaporated and the product was purified by
silica gel chromatography (98:2 CH,Cl1,:MeOH) to yield a
dark reddish-brown oi1l. LC/MS m/z 268.0 (MH+), R, 1.01
minutes.

4-(2-Morpholin-4-ylethoxy)benzene-1,2-diamine

To a solution 4-(2-morpholin-4-ylethoxy)-2-mtropheny-
lamine (1.0 eq) in EtOH was added Pd/C (0.1 eq). The
reaction vessel was repeatedly purged with nitrogen, then
stirred under a hydrogen atmosphere (1 atm) for 18 hours.
The product was filtered through a Celite plug, and the plug

washed with EtOH. The diamine was used without purifi-
cation. LC/MS m/z 238.3 (MH+), R, 0.295 minutes.

Ethyl 2-[35-(2-morpholin-4-ylethoxy)benzimidazol-
2-yl]acetate

The title compound was synthesized as described in
Example 1 using 4-(2-morpholin-4-ylethoxy)benzene-1,2-
diamine. The organic layer was concentrated and the residue
was purified by silica gel chromatography (10:1:2 CH,Cl,:
MeOH:EtOAc) to yield a dark reddish brown oil. LC/MS
m/z 334.4 (MH+) R, 1.08 minutes.

4- Amino-3-[ 3-(2-morpholin-4-ylethoxy)benzimida-
701-2-yl1]-6-nitrohydroquinolin-2-one

The title compound was synthesized as described in
Example 1, Method A using ethyl 2-[5-(2-morpholin-4-
ylethoxy)benzimidazol-2-yl]acetate and 5-nitroanthraniloni-
trile. The crude product was purified by silica gel chroma-
tography (5-10% MeOH m CH,CI, with 1% Et,N) to give
the desired product. LC/MS m/z 451.2 (MH+), R, 1.89

minutes.

Example 4

4-Amino-3-(2-morpholin-4-ylethoxy)-3-[ 5-(2-mor-
pholin-4-ylethoxy)-benzimidazol-2-yl|hydroquino-
lin-2-one

The title compound was synthesized as described in
Example 1, Method A using ethyl 2-[5-(2-morpholin-4-
ylethoxy)benzimidazol-2-yl]acetate and 6-amino-2-(2-mor-
pholin-4-ylethoxy)benzenecarbonitrile. LC/MS m/z 335.4
(MH+), R, 1.44 minutes.

Example 5

2-[(Ethoxycarbonyl )methyl|benzimidazole-5-car-
boxylic acid

The title compound was synthesized as described in
Example 1 using 3,4-diaminobenzoic acid. The crude mate-
rial was purified by silica gel chromatography (5:95 MeOH:
CH,C,) to afiord the desired product as a white to off-white
solid. LC/MS m/z 249.1 (MH+), R, 1.35 minutes.

Ethyl 2-[5-(N,N-dimethylcarbamoyl)benzimidazol-
2-yl]acetate

2-[(;thoxycarbonyl)methyl]ben21m1dazole S-carboxylic
acid (1.0 eq) was dissolved in THF. HBTU (1.1 eq) and
duisopropylethylamine (2.0 eq) were added, followed by
dimethylamine (2.0 M 1 THEF, 1.1 eq). The reaction was
stirred at room temperature overnight then concentrated and
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the resulting residue was purified by silica gel chromatog-
raphy (5:95 MeOH:CH,CL,) to afford the desired com-

pound. LC/MS m/z 276.2 (MH+), R, 1.18 minutes.

[2-(4-amino-2-oxo(3-hydroquinolyl))benzimidazol-
5-yl]-N,N-dimethylcarboxamide

The title compound was synthesized as described 1n
Example 1, Method A using ethyl 2-[5-(N,N-dimethylcar-
bamoyl)benzimidazol-2-yl]acetate and anthranilonitrile.
The resulting solid was collected by filtration and washed
with water followed by acetone to aflord the desired product

as a white solid. LC/MS m/z 348.3 (MH+), R, 1.87 minutes.

Example 6

4- Amino-3-[ 5-(morpholin-4-ylcarbonyl )benzimida-
zol-2-yl]hydroquinolin-2-one

2-[(;thoxycarbonyl)methyl]benz1m1dazole S-carboxylic
acid (1.0 eq) was dissolved in THF. HBTU (1.1 eq) and
dusopropylethylamine (2.0 eq) were added, followed by
morpholine (1.1 eq). The reaction was stirred at room
temperature for 3 days then concentrated and purified by
silica gel chromatography (5-10% methanol/dichlo-
romethane). The product-containing fractions were concen-
trated and dissolved in anhydrous 1,2-dichloroethane.
Anthranilonitrile (1.0 eq) was added followed by SnCl, (5.0
eq) and the reaction was heated at 90° C. overnight. The
reaction mixture was concentrated and the resulting residue
was re-dissolved in NaOH (2 M) and heated at 90° C. for 4
hours. After cooling to room temperature, the resulting solid
was collected and washed with water followed by acetone to
afford the desired product. LC/MS m/z390.2 (MH+), R, 1.95

minutes.

Example 7

4-Bromobenzene-1,2-diamine

A solution of 4-bromo-2-nitroaniline (1.0 eq) and SnCl,
(2.2 eq) in EtOH was heated at reflux for 3 hours. After this
time, the solution was poured onto ice, brought to pH 10
with 2M NaOH and extracted with Et,O. The combined
organic layers were dried over MgSO, and concentrated.
The resulting brown o1l was purified by silica gel chroma-

tography (0-50% EtOAc:hexanes) to provide a light yellow

solid. LC/MS m/z 187.1 (MH+), R, 1.33 minutes.

2-Nitro-4-(2-thienyl )phenylamine

4-Bromo-2-nitroaniline (1.0 eq) and Na,CO, (2.0 eq)

were dissolved in DME/H,O (5:1) at room temperature.
Nitrogen was bubbled through the reaction mixture for 5
minutes and PACL,(dppt), (0.1 eq) was added. After stirring
at 23° C. for approximately 10 minutes, 2-thiopeneboronic
acid (1.1 eq) in DMF was added and the reaction was heated
at 90° C. for 12 hours. AT

ter this time, the solution was
concentrated and partitioned between EtOAc and H,O. The

layers were separated and the aqueous layer was extracted
with EtOAc. The combined organic layers were dried over
MgSO, and concentrated under reduced pressure. The
resulting black residue was purified by silica gel chroma-
tography (0-20% EtOAc:hexanes) to yield an orange solid.
LC/MS m/z 221.1 (MH+), R, 2.67 minutes.
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Ethyl 2-[5-(2-thienyl)benzimidazol-2-yl]acetate

2-Nitro-4-(2-thienyl )phenylamine (1.0 eq) and 10% Pd/C
(0.1 eq) were suspended 1n anhydrous EtOH at room tem-
perature. The reaction tlask was evacuated and subsequently
filled with H,. The resulting mixture was allowed to stir
under a hydrogen atmosphere for 3 hours. Ethyl 3-ethoxy-
3-iminopropanoate hydrochloride (2.0 eq) was then added
and the resulting mixture was heated at retlux for 12 hours.
After this time, the solution was filtered through a plug of
Celite, concentrated, dissolved 1n 50 ml of 2N HCIl and
washed with CH,C1,. The aqueous layer was brought to pH
12 with concentrated NH,OH(aq) and extracted with
CH,Cl,. The combined organic layers were dried with

MgSO, and concentrated to yield a brown oil which was
purified by silica gel chromatography (5:95 MeOH:CH,(Cl,)

to provide a yellow solid. LC/MS m/z 287.1 (MH+), R, 1.98
minutes.

4- Amino-3-[ 5-(2-thienyl )benzimidazol-2-yl]hydro-
quinolin-2-one

The title compound was synthesized as described in
Example 1, Method A using ethyl 2-[5-(2-thienyl )benzimi-
dazol-2-yl]acetate and anthranilonitrile. LC/MS m/z 359.2
(MH+), R, 2.68 minutes.

Example 8
S-Fluoro-2-nitrophenylamine

2,4-Difluoronitrobenzene (1.0 eq) was placed 1 a dry
round-bottomed flask equipped with a dry ice condenser
charged with acetone/dry ice. Ammoma was condensed into
the flask and the resulting solution was stirred at reflux for
7 hours. A yellow precipitate was formed within 1 hours.
After 7 hours, the condenser was removed and the liquid
ammonia was allowed to evaporate over several hours. The
crude product was purified by flash chromatography on
silica gel (85:15 hexanes:EtOAc, product at R ~0.32, con-

taminant at RfZO.Sl). GC/MS m/z 156.1 (M+), R, 11.16
minutes.

2-Nitro-5-[1-(1,2,4-tnnazolyl)phenylamine

S-Fluoro-2-nitrophenylamine (1.0 eq), 1H-1,2,4-tnnazole
(3.0 eq) and NaH (3.0 eq) in NMP were heated at 100° C.
tor 1 hour. The solution was cooled to room temperature and
slowly poured onto ice water. The resulting precipitate was
filtered and dried under vacuum to yield the desired product.

The resulting solid was recrystallized from EtOH to afiord
pure product as a bright yellow solid. LC/MS m/z 206.2

(MH+), R, 1.88 minutes.

Ethyl 2-{5-[1-(1,2,4-triazolyl)|benzimidazol-2-
yl }acetate

The title compound was synthesized as described in
Example 7 using 2-nitro-5-[1-(1,2,4-triazolyl)]phenylamine.
LC/MS m/z 272.1 (MH+), R, 1.19 minutes.

4-Amino-3-{5-[1-(1,2,4-triazolyl)|benzimidazol-2-
yl thydroquinolin-2-one

The title compound was synthesized as described in
Example 1, Method A using ethyl 2-{5-[1-(1,2,4-triazolyl)]
benzimidazol-2-yltacetate and anthranilonitrile. The crude
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solid was collected and purified by silica gel chromatogra-
phy (92:7:1 CH,Cl,:MeOH:Et;N). LC/MS m/z 344.3
(MH+), R, 2.01 minutes.

Example 9

Method B

N-(4-Chloro-2-cyanophenyl)-2-(5-morpholin-4-yl-
benzimidazol-2-yl)acetamide

L1iHMDS (2.5 eq) was added to ethyl 2-[5-(2-morpholin-
4-ylethoxy)benzimidazol-2-yl]acetate (1.0 eq) in THF at
-78° C. After 1 hour, 2-amino-5-chlorobenzenecarbonitrile
(0.82 eq) in THF was added. The reaction was allowed to
warm to 23° C. and stirred overnight. The resulting mixture
was quenched with NH,Cl (aqueous saturated solution) and
extracted with EtOAc. The combined organic layers were
washed with H,O and brine, dried over Na,SO,, filtered and
concentrated 1n vacuo to yield a brown solid. The crude
material was purified by silica gel chromatography (3:1

EtOAc:hexane) to give the desired product. LC/MS m/z
396.1 (MH+), R, 1.79 minutes.

4- Amino-6-chloro-3-(5-morpholin-4-ylbenzimida-
70l-2-yl)hydroquinolin-2-one

N-(4-chloro-2-cyanophenyl)-2-(5-morpholin-4-ylbenz-
imidazol-2-yl)acetamide (1.0 eq) was heated in NaOMe (0.5
M 1in MeOH, 18 eq) at 70° C. for 2 hours. The resulting
mixture was cooled, and the resulting solid was filtered and

washed with water to give the desired product. LC/MS m/z
396.4 (MH+), R, 2.13 minutes.

Example 10
2-Nitro-5-piperidylphenylamine

The title compound was synthesized as described 1n
Example 8 using piperidine (3.0 eq, excess acts as base 1n
place of NaH). The desired product was obtained as a

yellow, crystalline solid. LC/MS m/z 222.2 (MH+), R, 2.53
minutes.

Ethyl 2-(3-pipenidylbenzimidazol-2-yl)acetate

The title compound was synthesized as described 1n
Example 7 wusing 2-nitro-5-piperidylphenylamine. The
desired product was obtained as a yellow oil. LC/MS m/z
288.3 (MH+), R, 1.31 minutes.

4-amino-3-(5-piperidylbenzimidazol-2-yl)hydro-
quinolin-2-one

The title compound was synthesized as described 1n
Example 9, Method B using ethyl 2-(5-piperidylbenzimida-
zol-2-yl)acetate and anthranilonitrile. The acyclic amide was
used crude 1n the NaOMe cyclization step. The desired
product was obtained following purification by silica gel

chromatography (96.5:3.0:0.5 CH,Cl,:MeOH:Et;N, R 0.2).
LC/MS m/z 360.4 (MH+), R, 1.83 minutes.
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Example 11

[1-(3- Amino-4-nitrophenyl )pyrrolidin-3-yl]dimethy-
lamine

The title compound was synthesized as described in
Example 8 using 3-(dimethylamino)pyrrolidine (3.0 eq,
excess amine was used as the base 1n place of NaH). LC/MS
m/z 251.3 (MH+), R, 1.25 minutes.

Ethyl 2-{5-[3-(dimethylamino)pyrrolidinyl|benzimi-
dazol-2-yl}acetate

The title compound was synthesized as described in
Example 7 using [1-(3-amino-4-nitrophenyl)pyrrolidin-3-
yl]dimethylamine. The desired product was obtained as a
yellow o1l. LC/MS m/z 317.4 (MH+), R, 1.36 minutes.

2-15-[3-(Dimethylamino )pyrrolidinyl|benzimidazol-
2-y1}-N-(4-chloro-2-cyanophenyl)acetamide

The title compound was synthesized as described in
Example 9, Method B using ethyl 2-{5-[3-(dimethylamino)
pyrrolidinyl |benzimidazol-2-yl }acetate. LC/MS m/z 423.4
(MH+), R, 1.67 minutes.

4-Amino-3-{5-[3-(dimethylamino)pyrrolidinyl|benz-
imidazol-2-yl}-6-chlorohydroquinolin-2-one

The title compound was synthesized as described in
Example 9, Method B using 2-{5-[3-(dimethylamino)pyt-
rolidinyl]benzimidazol-2-y1}-N-(4-chloro-2-cyanophenyl)
acetamide. LC/MS m/z 423 .4 (MH+), R, 1.71 minutes.

Example 12

Ethyl
2-]5-(dimethylamino )benzimidazol-2-yl]acetate

The title compound was synthesized as described in
Example 7 using (3-amino-4-nitrophenyl)dimethylamine.
The resulting tan film was purified by silica gel chromatog-
raphy (5:1:94 MecOH:Et;N:CH,Cl,) to give the desired
product. LC/MS 248.3 m/z (MH+), R, 1.24 minutes.

2-[5-(Dimethylamino ))benzimidazol-2-yl]-N-(2-cy-
anophenyl)acetamide

The title compound was synthesized as described in
Example 9, Method B using ethyl 2-[5-(dimethylamino)
benzimidazol-2-yl]acetate and anthramlonitrile. LC/MS m/z
320.2 (MH+), R, 1.68 minutes.

4-Amino-3-[3-(dimethylamino)benzimidazol-2-yl]
hydroquinolin-2-one

The title compound was synthesized as described in
Example 9, Method B using 2-[ 5-(dimethylamino )benzimi-
dazol-2-yl]-N-(2-cyanophenyl)acetamide. LC/MS m/z
320.2 (MH+), R, 1.72 minutes.
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Example 13

Ethyl 2-(3-cyanobenzimidazol-2-yl)acetate

The title compound was synthesized as described 1n
Example 7 using 4-amino-3-nitro-benzonitrile. LC/MS m/z
230.2 (MH+), R, 1.29 minutes.

2-(4-Amino-2-oxo0-3-hydroquinolyl)benzimidazole-
S-carbonitrile

The title compound was synthesized as described 1n
Example 9, Method B using ethyl 2-(5-cyanobenzimidazol-
2-ylDacetate and anthranilonitrile (no acyclic amade
observed so the NaOMe step was not needed). LC/MS m/z
302.3 (MH+), R, 2.62 minutes.

Example 14

2-(4-Amino-2-0xo0-3-hydroquinolyl)benzimidazole-
S-carboxamidine

2-(4-Amino-2-0xo0-3-hydroquinolyl)benzimidazole-5-
carbonitrile (1.0 eq) in EtOH was placed into a glass bomb,
cooled to 0° C. and HCI (g) was bubbled through for 15
minutes. The bomb was then sealed, brought to room
temperature and stirred overnight. The solvent was removed
in vacuo. The residue was dissolved 1n EtOH 1n a glass bomb
and cooled to 0° C. NH, (g) was bubbled through for 15
minutes and the bomb was sealed and heated to 80° C. for

5 hours. The solvent was removed 1n vacuo and the crude
product was purified by reversed-phase HPLC. LC/MS m/z

319.2 (MH+), R, 1.70 minutes.

Example 15

4-Amino-3-[5-(2-morpholin-4-ylethoxy)-benzimida-
zol-2-yl]hydroquinolin-2-one

The title compound was synthesized as described 1n
Example 9, Method B using anthranilonitrile. The crude
acyclic amide was used without purification 1n the NaOMe

cyclization step. The crude final product was purified by
reversed-phase HPLC (DMSO/5% TFA). LC/MS m/z 406.4

(MH+), R, 1.56 minutes.

Example 16
S-Morpholin-4-yl1-2-nitrophenylamine

The title compound was synthesized as described 1n

Example 8 using morpholine (3.0 eq, excess amine was used
as the base 1n place of NaH). LC/MS mv/z 224.1 (MH+), R,
1.89 minutes.

Ethyl 2-(5-morpholin-4-ylbenzimidazol-2-yl)acetate

The title compound was synthesized as described 1n
Example 7 using 5-morpholin-4-yl-2-mtrophenylamine. The
crude yvellow o1l was purified by silica gel chromatography
(89.5:10:0.5 CH,Cl,:MeOH:Et,N) to yield the desired prod-
uct as a yellow solid. LC/MS m/z 2903 (MH+), R, 1.31

minutes.
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Method C

4-Hydroxy-3-(5-morpholin-4-ylbenzimidazol-2-vyl)-
1-benzylhydroquinolin-2-one

To a solution of ethyl 2-(5-morpholin-4-ylbenzimidazol-
2-ylacetate (1.0 eq) 1n anhydrous THF at —78° C. under an
atmosphere of nitrogen was added LiHMDS (1 M 1n THEFE,
3.1 eq) and the solution was stirred for 1 hour. A solution of
1-benzylbenzo[d]1,3-oxazaperhydroine-2,4-dione (1.05 eq)
in anhydrous THF was then added dropwise and the result-
ing solution was allowed to warm to 0° C. over 1 hour. The
resulting mixture was quenched with a saturated aqueous
solution of ammonium chloride and the organic layer was
separated. The aqueous layer was extracted with CH,Cl, (4
times). The combined organic layers were dried over
Na,SQO,, concentrated 1n vacuo, and the crude material was
dissolved 1n toluene and heated at reflux for 16 hours. The
toluene was removed in vacuo and the crude material was
used without further purification. The product was obtained

as a white solid. LC/MS m/z 4353.1 (MH+), R, 2.91 minutes.

4-Hydroxy-3-(5-morpholin-4-ylbenzimidazol-2-yl)
hydroquinolin-2-one

Crude  4-hydroxy-3-(5-morpholin-4-ylbenzimidazol-2-
yl)-1-benzylhydroquinolin-2-one (1.0 eq) was dissolved in
trifluoromethanesulfonic acid and heated at 40° C. for 16
hours. The resulting solution was diluted with water and
neutralized with 6 N NaOH (ag), whereupon a vyellow
precipitate formed. The crude solid was 1solated by centrifu-

gation and purified by reversed-phase HPLC to produce the
desired product as a bright yellow solid. LC/MS m/z 363.3

(MH+), R, 1.77 minutes.

Example 17

N-[1-(3- Amino-4-nitrophenyl)pyrrolidin-3-yl](tert-
butoxy)carboxamide

The title compound was synthesized as described in
Example 8 using 3-(tert-butoxycarbonylamino)pyrrolidine
(1.01 eq) with duisopropylethylamine (2.0 eq) as the base (in
place of NaH). The product was obtained as an orange,

crystalline solid. LC/MS m/z 323.3 (MH+), R, 2.53 minutes.

Ethyl 2-(5-13-[(tert-butoxy)carbonylamino]
pyrrolidinyl }benzimidazol-2-yl)acetate

The title compound was synthesized as described in
Example 7 using N-[1-(3-amino-4-nitrophenyl )pyrrolidin-3-
yl](tert-butoxy)carboxamide. The product was obtained as a
yellow o1l. LC/MS m/z 323.3 (MH+), R, 2.53 minutes.

3-[5-(3-aminopyrrolidinyl)benzimidazol-2-y1]-4-
hydroxyhydroquinolin-2-one

The title compound was synthesized following the pro-
cedure described 1n Example 16, Method C using ethyl
2-(5-{3-[(tert-butoxy)carbonylamino]
pyrrolidinyl } benzimidazol-2-yl)acetate. The product was

obtained as a yellow solid following cleavage of the benzyl
group (see procedure in Example 15). LC/MS m/e 362.3

(MH+), R, 1.55 minutes.
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Example 18

(3-Amino-4-nitrophenyl)[2-(dimethylamino)ethyl]
methylamine

The title compound was synthesized as described 1n
Example 8 using 1,1,4-trimethylethylenediamine (1.01 eq)
with diisopropylethylamine (2.0 eq) as the base (1n place of
NaH). The product was obtained as a bright yellow, crys-
talline solid. LC/MS m/z 239.3 (MH+), R, 1.29 minutes.

Ethyl 2-(5-{[2-(dimethylamino)ethyl]
methylamino } benzimidazol-2-yl)acetate

The title compound was synthesized as described 1n
Example 7 using (3-amino-4-nitrophenyl)[2-(dimethy-
lamino)ethyl]methylamine. The desired product was
obtained as a yellow oi1l. LC/MS m/z 305.2 (MH+), R, 1.17

minutes.

3-(5-{[2-(Dimethylamino )ethyl]
methylamino }benzimidazol-2-y1)-4-hydroxy-1-ben-
zylhydroquinolin-2-one

The title compound was synthesized as described 1n
Example 16, Method C using ethyl 2-(5-{[2-(dimethy-
lamino)ethyl]methylamino }benzimidazol-2-yl)acetate. The

product was obtained as a pale yellow solid. LC/MS m/z
468.4 (MH+), R, 2.26 minutes.

3-(5-{[2-(Dimethylamino )ethyl]
methylamino } benzimidazol-2-yl)-4-hydroxyhydro-
quinolin-2-one

The title compound was synthesized as described 1n
Example 16, Method C using 3-(5-{[2-(dimethylamino)
ethyl]methylamino }benzimidazol-2-yl),,-hydroxy-1-benzyl-
hydroquinolin-2-one. The crude material was purified by
reversed-phase HPLC to vield the product as a vellow solid.
LC/MS m/z 378.4 (MH+), R, 1.99 minutes.

Example 19

Method D

4-Chloro-3-(5-morpholin-4-ylbenzimidazol-2-yl)-1-
benzylhydroquinolin-2-one

A solution of 4-hydroxy-3-(5-morpholin-4-ylbenzimida-
zol-2-y1)-1-benzylhydroquinolin